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Abstract
This thesis reports the results of an investigation into the quality of an
image produced by a laser printer. The laser printer used was the Kodak
Ektaprint Electronic Publishing System, 300 dots per inch, resolution. It
was found that certain aspects of the image quality vary with the paper
substrate. Papers used in this experiment varied in basis weights and
qualities of smoothness, brightness, gloss, opacity, porosity and caliper.
The papers chosen were of three basis weights, two of each weight.
six papers in all were tested.
Quantitfication and subjective judgement were used for evaluation of
image quality. Image quality was evaluated based on the following
criteria:
(a) Tonal reproduction/toner transfer
(b) Resolution: (i) number of lines per millimeter resolved
(ii) Line thickness in millimeters reprduced
(c) Edge Definition as defined by edge raggedness and blur
Some aspects of image quality were affected by paper variables. Basis
weight alone does not affect image quality. However, factors such as
smoothness, porosity and caliper had a significant, although subtle effect
on tonal reproduction.
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CHAPTER I
INTRODUCTION
Purpose
Image quality is the most important factor in any sector of the printing
industry. This subject is no less critical when dealing with electronic
printing and publishing. Laser printers among others, have made an impact
on the industrial market. The factors resonsibile for their desirability are
basically the speed and quality of production, ease of operation, type of
format and available software. Laser printers are increasingly in use for
high quality presentations. These are classed as premium publishing,
business letters and forms, proposals and other important documents. All of
these warrant a high quality look.
Themanufactures have so far emphasised hardware in relation to
image quality. Great care has been taken in deriving fonts for the laser
printer.
The purpose of this research was to study the effect of paper on laser
printer image quality. Electronic printing is revolutionizing Printing and
Publishing. Laser printing is a major component of this electronic printing.
Publishing. Laser printing is a major component of this electronic printing.
After a preliminary study of paper it was found that manufacturers produce
paper for such specific printing processes as flexography, web offset,
letter-press, screen printing, gravure and ink-jet printing, (see Paper
Specifications for Various Printing Processes.) Most electronic printers, laser
printers included, use regular copier paper.
These facts produced an interest in this topic. It was necessary to evaluate
other papers on the market.
Background
Laser printers and ink jet printers produce non-impact printing, which is
one of the fastest growing areas of the printing and publishing technology.
Non-impact printing causes no stress on the paper substrates; leading the
industry to use older types of regular paper. The major qualifying tests
used are stiffness, opacity and brightness.
Xerox, a noted supplier of laser printers recommends bond papers and
xerographic papers. Both these papers are smoother, than for example,
most finishes of offset paper. They also provide a range of stiffness
necessary for good runability.
Xerographic papers provide the surface strength', smoothness and
stiffness 2, that produce the best results from plain paper copiers.
Xerographic papers have built-in curl control properties which allow them
to run successfully and fill sorter bins to their design capacity.
Some paper manufacturers produce dual purpose xerographic paper
designed for optimum performance in offset and xerographic use.
Paper to be run on copiers should have a moisture content of 5.5 to 6.5 per
cent, and be suited to an environment of 40 to 50 per cent Relative
Humidity. This is necessary to avoid static.
Stiffness is a critical factor. Limp sheets of paper will cause feeding
difficulties. For this reason, newsprint is considered unsuitable for
non-impact printing.
Smoothness of paper affects image quality for both, traditional and
electronic printing. In the case of electronic printing, if the paper is too
rough, problems of fusing may result, causing excessive consumption of
toner in the fusing system, or excessive use of ink in the case of ink jet
printing, as well as loss of resolution.
Porosity affects paper feeding in vacum fed printers. Opacity, brightness
and whiteness of paper relates to the appearance of paper and readabibty
rather than to its performance.
High opacity will reduce see-through/show through in case of printing
on both sides of the paper.
Brightness and whiteness can influence the visual perception of image
quality. Image quality is studied in terms of resolution, which is defined as
number of dots per inch. For the purpose of this study, the resolution is 300
dpi. (dots per inch ). Density and edge acuity are factors that effect the
quality of
The density of the image/toner printed letter is affected by how even the
'blackness'
of the image/letter appears. Sharpness can be evaluated by
observing the clustering of toner particles at strategic points of a character;
as the point where the
'limbs'
of a letter meet , as in Y or the
'tail' in 'e', 'a',
'j', 'g'. Toner particles lying outside the definite black and white edge of a
letter or line give a ragged line appearance and in doing so reduce print
contrast and affect image quality.
In conclusion just as in lithographic reproduction, the quality of the
output is affected by the capabilities of the system. Paper is one important
part of the laser printing system.
FOOTNOTES
1. Spence,W. P. and Vequist, D. C. "Graphic
reproduction"
ppl 62 defines
strenght as properties including tensile and tearing strenght.
2. Borch, J. and Svendsen, R. G. "Paper Material Consideration for System
Printers" IBM Research Development Vol. 28, 33, 1984 pp 284, defines
stiffness as properities in paper that prevent jams in cut sheets during
transportation through the printer.
3. Hamerly, James, "An Analysis ofEdge Raggedness and
Blur"
Society of Photographic Science and Engineers Vol. 7, 1981 pp 148
CHAPTER II
STATEMENT OF THE PROBLEM
Printing over the centuries has been the art ofmaking an impression on
the substrate. The resolution of the printed text does influence the legibility
and readability of the subject matter. Resolution is related to the image
quality of the finished product. Print resolution and its effecct on legibility
may be compared to the audibility of a human voice; in a manner similar to
Beatrice Warde's comparison of typeface to the audibility of a human voice.
BeatriceWarde has compared type face legibility to the audibility of a
human voice: she tells us:
"Set a page in Foumier against another in Caslon and another in
Plantin, and it is as if you heard three different people delivering the same
discourse each with impeccable pronounciation and clearity, yet each
through the medium of a differentpersonality."
The nature of the mechanisms that makes these impressions has
undergone considerable change, still, today the impressions are made on
paper. Paper, too, has taken on a different status from the time it was first
produced.
This study focused on the print quality as defined by even density or
even blackness; resolution in terms of lines per millimeter resolved and
edge acuity. The electronic printing device is a constant; that is; the Kodak
Ektaprint Electronic Publishing System with a 300 dots per inch resolution.
The purpose was to assess the quality of the printed image in terms of
density, revolution and edge acuity as a function ofpaper variables. Edge
acuity was considered in this study as a criteria for assessing edge definition
and subsequent image quality. The positional error should be a constant
because only one printer is used and as there is only one event size/
It has also been established that quality of paper bears a direct
relationship to the finished printed product-'. Color print is at its best on
coated papers. Gloss on coated papers gives the ink a gloss and the effect is
pleasing to the eye. Also, glossy paper gives a more pleasing appearance,
closer to a photographic print product than do other types of paper. Some
pigments adhere better to the coated paper than to uncoated paper.
Newsprint is the least attractive of printing substrates and was not
considered for this study. In fact, paper manufacturers have already
researched and come up with ideal papers for web-offset printing,
flexography and gravure printing.(see "Specific Papers for Various Printing
8Processes"). Since the advent of electronic non-impact printing, few such
studies have been carried out. However, Hammermill Paper Company does
market a type of papers they call
" Laser Plus" and "Hammermill
Laser."
It was necessary to evaluate the Hamermill papers against quality paper
of other manufacturers in order to identify specific papers for laser printers.
Such a paper will have good portability, (meaning its ability to endure high
temperatures during the printing process) and high image quality among
other attributes.
The purpose of this study was to select specific paper for laser printers
using dry toners. The toner will need to transfer to the paper to give good
density to the image and at the same time there should be no noticeable
edge raggedness or blur caused by toner dispersation/splattering. The use
cf coated gloss paper such asWhite Enamel Centura Gloss Text and Lustro
Gloss Text was used to indicate whether coated paper will give good print
ninety and refrain from blistering during the image transfer process. So far
coated papers have not been used as regular papers for laser printers^.
The papers chosen for this study vary by basis weight and surface
characteristics as smoothness, brightness, gloss, opacity, porosity and caliper.
FOOTNOTES
1. Warde B,
" The Crystal Goble" New York World Publishers, 1956 pp. 138
2. Hamerly, J. "An analysis of edge raggedness and
blur"
Society of Photographic Science and Engineering, Vol. 7. 1981 ppl48
3. Venn, R. A. "Buy the Best
Supplies"
Electronic Publishing. February 1987 pp73.
4. Information obtained by telephone conversation with sales person at Ally
and Cory Paper Company, February 9th, 1988.
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CHAPTER II
SPECIFIC PAPERS FOR PRINTING PROCESSES
Papers are manufactured to meet various specific printing processes, the
operations subsequent and the end use of the finished product. Some
papers are suited to only one purpose, while others are suited to more than
one purpose. White Enamel papers produce good print quality with a
variety of processes * .
Papers are available for:
Flexography:
FlexogTaphic printing requires few special paper requirements. Rolls of
paper need to feed with even tension and be free from defects.
Flexographic printing uses low tack inks which dry by evaporation. For this
reason paper picking is not a problem and dryer temperatures are not as
high as other processes.
1 1
Gravure:
Sheedfed gravure and rotogravure printing have specific paper
requirements. Papers need to have pinpoint smoothness at the surface with
absence of voids and pits. Uncoated paper requires smoothness and
compressibility. High pick resistance is not required. Rotogravure printing
needs rolls that unwind with an even tension and flatness through out the
web.
Letterpress:
Letterpress requires pinpoint smoothness in paper for complete image
transfer. Incomplete smoothnes will result in incomplete transfer of half
tone dots and image transfer. Letterpress prefers papers with good
impression tolerance. Papers for letterpress do not need to be water
resistant, but need adequate pick resistance. Letterpress is being replaced
hv rravure and offset lithography.
Screen Printing:
The screen printing process is capable of printing on diffeerent kinds of
paper. Paper needs to be flat, have regular undistorted edges and stability.
Paper should have adequate basis weight and rigidity to prevent curling and
sagging during drying; and the warping effecting of heavy ink films.
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Sheetfed Offset Lithography:
Sheetfed offset lithographic paper must have higher surface and internal
bonding strength than that for other printing purposes. This is so, because
paper for offset lithographic printing must withstand higher tack inks. The
paper also needs to be water resistant to prevent picking from the paper
surface and to resist water from the dampening solution^. On the other
hand excessive water resistance, as in plastic coated papers, also causes
problems for the lithographer. Long grain paper is used in multicolor
printing while short grain is generally used for single-color work and some
multicolor jobs.
For good runability, paper must withstand repeated separation from an
inked and moistened blanket without stretching, curling, becoming distorted
or releasing paper material to the blanket under normal operating
conditions-*.
Web Offset Lithography:
Generally papers for web ofset lithography are similiar to those for
sheetfed offset lithography. However, web offset paper can tolerate papers
of lower basis weights (20 to 80 lbs), lower moisture resistance and lower
pick resistance because web offset uses less moisture and lower tack inks.
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Internal strength is required to resist the delamination forces of
blanket-to-blanket or perfecting presses.
Ink Jet Printing:
Paper required for ink jet printing requires to have a surface that is
readily stained or wetted by ink for maximum density of printed image, yet,
it should not cause the ink to produce feathered images^.
It is the purpose of this study to select specific paper for laser printers using
dry toners. The toner will need to transfer to the paper to give good density
to the image and at the same time there should be no noticeable edge
raggedness or blur caused by toner dispersion/splattering. The use of
coated gloss paper such as the white enamel Centura gloss and the lustro
gloss will indicate whether coated paper will give good print quality and
refrain from blistering during the printing process. So far coated paper such
as the two above mentioned coated papers have not been used as regular
laser printer paper. 4 These papers where cut to the size 81/2x11 inches
for this study, on request.
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FOOTNOTES
1 . Bureau, W. "What the Printer Should Know About Paper"
Published by Graphic Arts Technical Foundation. 1983 ppl39
2. William, Roger L. "Paper and Ink Relationships"
Manhattan, Kansas 1985 ppl4
3. Ibidppl43
4. Ibid pp139
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CHAPTER III
LITERATURE REVIEW
PARTI
Electronic printing has to a large extent revolutionized the printing
industry. In this complex and intriguing system, laser printing is described
as "the most radical and far reaching revolution in hard copy production of
words, numbers and graphics in four hundred years."*
Much time, effort, attention and money has been contributed toward
developing laser printers that compete in speed of image production.
The basic technology used in laser printers is the same as that used in
xerographic copiers. The only difference is that a laser beam is used instead
of reflected light to form an image. The central component of the laser
printing process is an electrically charged drum. When the drum is exposed
to the laser beam, dots of toner (ink) are discharged on to the drum to from
images or character patterns. These dots of toner are positively charged and
adhere to the image positions on the drum. This positively charged image is
then transferred to negatively charged paper. The image becomes
16
permanent when fused to the paper by heat or pressure.
The resolution of the image formation on paper is measured in dots per
inch (dpi). The image must reproduce on paper in a 1:1 transfer. The
paper-surface characteristics influence this transfer. A matte paper surface
is likely to cause broken print or irregular toner adherence. Considering this
factor, one method of achieving a 1 :1 transfer, is to use the smoothest
possible uncoated paper. Coated paper could 'blister' or 'bubble' as a result
of heat in this xerographic process^. Papers are used at temperatures
sometimes exceeding 400 degrees farenheit.^(204.4degrees centigrade)
Software in the form of interfaces is constantly being designed and
redesigned to improve image quality of text, bne art, numbers and halftones
at 300 dpi(dots per inch) resolution.
David Saunders, Typeface Acquistion Manager, Monotype, in his address
to the 1985 Electronic printing Systems/Directions in
Digital imaging Conference stated : "As electronic media continue to improve
in output quality so expectations will arise, and not least in the
typographical aspects. "* Complex mechanical equipment is needed to
maintain quality on laser printer photoconductors because photoconductor
coating wears quickly and scratches
easily.5
The problem of resolution was extensively discussed at this conference.
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Hard and soft edges of typefaces was one of the areas focused on.
The serifs on characters posed a problem in that one part of a character
may look heavier than the other part. The size and therefore appearence of
the face was another area of attention. It was acknowledged that ideally
round characters should be a little larger than square characters. ^
Yet another image problem was also caused by output devices. The
charge and toner do not always function as required. This causes problems
ioi example; in the lower case is 'e',
'g'
and
'a.'
These problems of image quality have so far been addressed from the
software point of view. For instance, system variables have been addressed
by laser printer manufacturers. Among the variables responsible for image
quality are: spot size or variables of optical components influencing it,
modulator rise time, laser power and material and development variables.**
Discussions dealing with laser printers have touched on image quality as
nitnuoned above, "but a unified formulation of quality, especially from the
point of view of print quality is lacking. "'
Lloyd L. Chambers in his article, "Paper Industry becomes High Tech as it
provides paper for Electronic Printers,
"
stated that electronic printers and
the copier market had nurtured the utilizing of cut size
papers**. He states that bond papers formed 28 percent of the total
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uncoated paper sold in 1970, and by 1984 this figure had risen to 43
percent. The total market had grown by four million tons.
The sales ofLaser Printers up to 1986 may be attributed to the poorer
image quality from other electronic printers. In his article, "Users high on
laser printers, print quality number one concern, new Datek user study
finds,
" M. A. Walham states that in addition to confirming the laser printer's
appeal, office printer users report that print quality is of paramount concern
in the decision to purchase a particular printer. When asked whether
quality, speed or price was the primary reason for buying a printer, 41
percent of all users selected print quality, including a full 74 percent of laser
printer users".
Concluding from the above, it is apparent that electronic printing quality,
though good, leaves room for improvement. This thesis investigates the
possibility of improving the image quality by proper selection of paper
substrates.
Only recently, paper companies have begun to produce paper
specifically for laser printing in order to improve print quality. Paper
manufacturers are beginning to produce paper with characteristics that
relate to the latest technology in electronic printing.
The paper surface is designed to help the toner fuse to the paper without
breaking. J. Borch abd R. G. Svendsen in their study "Papermaterial
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considerations for system printers"state that increased smoothness may
affect toner-paper contact.10 The study also concludes that toner transfer,
as measured by print reflectance, decreased because of high humidity when
measured on similar paper sheets. For their experiment the sheets of paper
where conditioned at various humidity levels and printed in a humid
environment. The paper surface should produce an image that is sharp and
give good contrast for better readability. The paper weight influences
handling, feeding and transporting performance. This is adjusted for
electronic printing. Moisture content has to be controlled to avoid curling
and jamming.
Electronic printers have made an impact on two key areas in printing;
prepress/typesetting and premium publishing. The latter includes work
that was conventionally done by sheetfed and offset lithography, such as
printed books, manuals, reports and proposals. This aspect of laser printing
requires paper made for premium publishing; paper with the right
moisture content, stiffness, curl and thickness to ensure it will run through
laser printers at any speed without causing problems. The recommended
sub weight for such paper is 24 lbs* * .
More attention should be given to laser printer image quality as a
function of paper substrates. For this reason, this study will attempt to
relate Laser Printer image quality to paper substrates.
20
LITERATURE REVIEW
PART II
Resolution is perceived by customers of print as "tight registration, black
density and extra clear
images." '^
In the conventional, (meaning printing processes other than electronic
printing) printing system an image is created on metal or plastic plate. This
plate carries the ink to the paper. Since the ink is a homogeneous substance,
and as an uniform ink film thickness is carried to the paper surface, the
same amount of blackness is deposited on the paper throughout the body of
a letter/character.
In electronic printing, the dry toner particles, the pigment substances, are
carried to the paper by particle components that carry a static electrical or
magnetic charge. In electronic printing the toner is than fixed to the paper
in the pattern of the electrical or magnetic charge particles. The electrical or
magnetic charge particles stick to the statically charged areas on the drum
or belt. The pattern in which the toner particles attach themselves to the
drum/belt is the image that is transferred to the paper. Images thus
21
transferred, differ from the perfect'original transferred by the carrier in
conventional printing.
The toner printed image has two characteristics not common in
non-elecronic printing using liquid ink. These two characteristics are
density and edge acuity. Edge acuity is a measure of edge raggedness or
edge definition. Density and edge acuity are generally more consistent in all
properly printed non-electronic printing than they are in dry toner
electronic printing processes.
The resolution of electronic printers including laser printers is measured
in dots per inch. This is the measure of the number and spacing of charge
receiving elements on the transfer mechanism; be it a drum or belt where
the image is formed by electronic means each time. This resolution
determines the image quality.
A toner printed image is distinguished by the 'eveness of
density'
or
'blackness'
of an image.*-' The amount of toner lying outside the edge of the
letter/character is a measure of edge raggedness or edge acuity. This
characteristic gives an ill defined edge or a ragged edge.
Edges are important components of nearly all images, from those of half
tones to printed documents. Much study has been done on edges in the field
of image quality14. Previous studies have assessed density and line acuity
of printed images from printing devices varying in line resolution.
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James Hamerly, in his study of "Analysis of Edge Raggedness and
Blur"
determined the physcial quality of edges that lead to less-than-ideal images
in an image quality sense*5. He determined that the event size is related to
image quality, although this might not always be the case, (see figure 1
page 24 ) A factor known as 'positional error'is also important to the
quality of the edge. Positional error is the measure of the variation in the
placement or occurence of an imaging event about its intended position.
Therefore, as a general case, decreasing the positional error will improve the
quality of the image. The physics of the imaging process can control the
positional error. The nature by which events are controlled, as well as, the
number of possible event sites does effect image quahty. To produce any
reasonable level of quality by digital imaging systems, the positional error
cannot be larger than the event size; and is often much less**\
Manufacturers of electronic printers have designed modern printers with a
configuration and easy to change assemblies that provide direct control of
print quality. In laser printers, toner is the most important factor in print
quality. Among the
manufacturers'
recommendations for best results from
laser printers, is that the choice ofpaper is significant. Richard Venn in his
article, "Buy the best
supplies"
suggests that the user experiment with
different papers*^. He also identifies basis weight, electrical properties,
surface characteristics and the amount of dust as important characteristics
23
of paper18. Some of these characteristics affect the paper/printer
relationship.
It was the purpose of this study to relate paper characteristics such as,
brightness, gloss, opacity, porosity, smoothness and caliper to image quality.
The selected papers are of basis weight compatible with laser printers.
Coated paper is not generally used for electronic printing*^ In
non-elecronic printing, coated paper has a lesser diffusuion effect than
uncoated paper20. This bght diffusion is the cause of optical dot gain and a
result of the light scattering properties of paper. Randal Akers in his article,
"Laser Paper is Here" states that the heat from a laser printer would cause a
coated paper sheet to "bubble or blister."2*
Laser paper, for example, Laser Plus'(a type of paper produced by
Hammermill Paper Company for laser printers) is designed to help toner
fuse to the paper so as to produce high contrast and sharp images with good
edge definition. A high brightness factor also contributes to giving good
contrast and a sharp image22. Laser paper also requires a precise moisture
content, stiffness and thickness to ensure it will run properly through
printers2-'.
24
S \ stem Imaging Event Event Size
photography grain
xerography toner
inkjet inkdrop
1 micron
10 microns
100 microns
Figure 1
Simulated edge images similar to those
produced by
^
photographic, xerographic and
ink jet imaging systems.
( not to scale )
*See footnote 23, page 26
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FOOTNOTES
1. Subject Editor, "Critical trends for the second half of the Decade of
the
80's." A report to the Graphic Arts, January1, 1985, p.6
2. Akers Randall, "Laser Paper is Here",In-Plant printer, October 1987, p72
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CHAPTER rV
HYPOTHESIS
The quality of image on paper produced by a 300 dots per inch laser
printer, varies in relation to paper substrates.
Quality is defined as:
1. Density/blackness of image.
2. Resolution: Resolution for this study is defined in terms of lines per
millimeter resolved and line thickness in millimeters reproduced.
3. Good Edge Definition: Edge definition is determined in terms of edge
raggedness and edge blur. Both these factors are affected by toner
transfer and size of toner particle.
This study is designed to establish whether or not density, resolution and
edge definition vary according to basis weight, as well as brightness, gloss,
opacity, porosity, smoothness and caliper.
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CHAPTER V
METHODOLOGY
For the purppose of this study the paper selected was the paper already
in circulation for printing in general. Much of this regular paper is used for
electrostatic printing. The selection was based on basis weight. The reason
is the fact that paper needs to be firm and stable for electrostatic purpses.
Newsprint is not used for electrostatic printing and therefore was not
considered in this study.
Paper Selected
1 Basis Weight 24 lbs (17x22, 500)
a. Hammermill Bond (Bond/A)
b. Hammermill Laser Plus (Laser Plus/B)
2 Basis Weight 70 lbs (25x28, 500)
a. Mohwk Vellum Text (Mohwak/C)
b. White Sunray Opaque Vellum Text (Sunray/D)
3 Basis Weight 80 lbs (25x35, 500)
a. Consolidated Centura Gloss Text (Centura/E)
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b. Warrens Lustro Gloss Text (Lustro/F)
This study was conducted using instrumentation to quantify the difference
between the image quality among the papers selected for this study. A
subjective study was used as a compliment to instrumentation in the study
of edge definition. The print sample analysised was composed of the
following features.
(a) A scanned Gray scale, thirty-two steps.
The density was measured using the Gretag Reflection Densitometer
D-142
(b) The Rochester Institute of Technology Resolution Test Object,
density 1.9.
The Rochester Institute of Technology Alpha Numeric Resolution Test
Object1 is designed as a means to measure resolution. It is used to measure
resolution in two ways;
(i) number of lines permillimeter resolved
(ii) line thickness in millimeters reproduced
The Test Object is composed of four displays of alphanumeric characters
which are similar but different, (see figure 2, page 30 ) Two of the displays
contain characters with the bars of the elements at 90 degrees to each other.
A display group contains 26 elements of three characters each, and ranging
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Figure 2
Rochester Instutite of Technology Resolution Test
Object indicating quadrants/display groups A, B, C and D
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in size from one line per millimeter for the '0' gToup to 18 lines per
millimeter for the '25' group. The progressive change in size is by the sixth
root of two. The characters randomly vary from display to display and
group to group. Each of these characters contain three elements; 'E', '2', '3'.
'5'. '8'. All the characters in this Test Object are approximately recognizable
at the threshold of perception. This Test Object is produced in densities of
1.9, 1.3, 0.7 and 0.3.
Tables that accompany this Test Object were used to compute the results
for the lines per millimeter and for line thickness in millimeters.
The Rochester Institute of Technology Alpha Numeric Resolution Test
Object was scanned by the Kodak Ektaprint Electronic Publishing System's
scanning device, and printed on the paper samples that were studied.(see
Appendix C)
The resolution was observed using a 15x magnifying glass. The limit of
resolution was determined when the observer was able to fully recognize
the components2 within the elements^. That is, the observer was able to
fully distinguish and rcognize the elements at the critcial resolution level.
The resolution was determined as described above at each of the four
display groups, A, B, C, D; in terms of lines per millimeters resolved and line
thickness in millimeters reproduced.
The greater the number of lines per millimeter the better the result; while
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the thinner the lines in millimeter reproduced, the better the result.
The results recorded represent the mean of 30 samples for both measures,
that is, lines per millimeter resolved and line thickness in millimeters
(c) The United States Air Force Three-Bar Target.
This target is made up of a set of bars that progressively decrease in size
and spacing. This target was printed for use in resolution testing in the
same way as the Rochester Institute of Technology Test Object.
When using this target the observer is required to identify the element
or set of elements in the series, that are in his/her opinion, barely
distinguishable. In this case, identification of the limit of resolution is
indefinite and is a matter of opinion. This factor involves the subjective
judgement.
The United States air Force Three-Bar Target was also scanned using the
Kodak Ektaprint Electronic Publishing System's scanning device.
After printing this target it was found that the numerals identifing the
groups of elements were indistinguisable. This caused difficulty in
identification of the elements. Due to inaccuracies arising from this factor it
was decided to disqualify the United States Air Force Three-Bar Target from
this experiment.
(d) A five patch machine generated density scale .
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This density scale is created using the patterns for fill-in as programmed
in the software for the Kodak Ektaprint Electronic Publishing System. The
software produced five different fill-in patterns. These patterns are
reproduced on each of the paper samples.
The density is measured at each patch using the Gretag Reflection
Densitometer D-142. Each patch was measured in three places and the
average recorded. This experiment was done to find if there was any
difference in the density of each patch based on different paper type.
The gray scale density was calculated as the average of 30
measuremments for each of the 32 steps. This was repeated for the six
paper types A, B, C, D, E and F. This study of the gray scale density was
directed to tone reproduction. The density is also an indication of toner
transfer in this experiment.
The Resolution Test Object was measured at each of the four points.
Thirty measurements were made of the four points and the average
calculated. This was repeated for each of the six paper types A, B, C, D, E
and F. The measurements at each of the four points gave a measure of the
resolution in lines per millimeter. Line thickness in milimeters is calculated
using the tables that accompany the Resolution Test Object. Line
thickness/thinness is an indication of image quality in terms of image
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sharpness.
The print samples were printed using the Kodak Ektaprint Electronic
Publishing System. All the samples were printed at the same time. The
papers were marked for identification, then mixed and printed; so no
particular paper type was printed as a complete set. This was done to
minimise the effects on paper caused by room temperature and humidity as
well as to distribute any discrepancies resulting from the printing process.
The temperature in the room at the time was 77F ( degrees fahrenheit) and
the relative humidity was 32 % (percent).
Each of the papers: A, B, C, D, E and Fwhere tested for the following
characteristics .
Smoothness:
Smoothness as a feature of paper influences the functional and appearance
properties of paper. It is the condition of paper surface that compares to
the surface of glass. The levelness or smoothness of a paper depends upon
the nature of fibers used to make the paper. Short fibers give a smoother
surface than long fibers. Stock preparation and the manner in which fibers
are dispersed during paper formation on paper machine wires also has an
influence on levelness. Levelness is reduced by non uniform fiber
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distribution and by increased basis weight. Other factors controlling
smoothness are the extent ofwet pressing, the use of smoothing presses, the
amount of filler in the paper and the degree of calendering. Coating and
calandering increase smoothness. Use of coated paper in regular printing is
increasing because the coated sheets look better and print better^
Smoothness was measured by an air-leak tester. There are two ways to
measure smoothness.
a. One way is to measure smoothness as the time it takes in seconds for a
given volume of air to leak between a smooth glass test plate and the paper
surface, under a specified air pressure. The Gurley Smoothness Tester
functions under this method.
b. An instantaneous and more accurate method is that using the Sheffield
Smoothness Meter. This measures the rate of air flow between the annular
grove in the upper gauge head and the paper's surface. Filtered air, under a
fixed low pressure flows upward into a tappered glass column, and then to
the gauging head. From the gauging head it leaks across the paper's surface.
The rate at which the air leaks across the paper's surface is indicated by the
air-suspended metering float in the tappered glass column. The rate at
which the air leaks depends on the smoothness of the paper. This method
readily measures smoothness as the rate of air leakage over the paper
surface. It is this method that was used for this study. The instrument used
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is the Sheffield Smoothness Meter. The smoothness is recorded in Sheffield
units. A decrease in units indicates an increase in smoothness.
(see table 1, page 42)
Coated papers were the smoothest. The results were as follows; papers E,
19.12; F, 64.70; B, 76.34; A, 163.55; D, 216.68 and C, 329.0 Sheffield units.
Brightness:
Brightness is described as being the percentage of reflectance at a
standard wavelenght; 457 nanometers in the standard test. This is a blue
wavelenght that most readily detects the yellowing of paper. Bleaching
contributes to the pulp becoming brighter and whiter due to increased light
reflectance. Fillers are commonly used to increase brightness. Substances
n^d to give brightness to paper are for example, titanium oxide and calcium
carbonate among others. The latter is in the form of ground limestone mixed
with clay. These substances not only impart brightness, but also opacity to
papers.** Titanium and calicium carbonate are also used in paper coating
materials for coated papers. Brightness is a quality that affects print
contrast.
Brightness is measured by comparing the amount of light reflected by a
pad of papers to the amount of light reflected by the magnesium oxide
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standard. The instrument used was the Technidyne Brightimeter TM.
Model S-4. Brightness/Color/Fluorescence Tester. The measure is given as a
percentage, (see table 2, page 43)
The study showed paper D, brightness 90.30 to be the brightest. Papers
A, 89.75, B and C, 80.0, E, 87 and F, 86 percent.
Gloss:
Gloss is an attribute of paper surface that causes it to be shiny or
lustrous. A smooth paper surface reflects the light as parallel rays; like a
mirror does, causing specular reflection. A matte paper surface will cause
diffused reflection of the incident light, indicating low gloss. Gloss of paper
is measured as the ratio of its reflected lighted to its incident light.
For coated printing papers, gloss is measured at 75 degrees from the
prependicular. Glossy enamel papers have gloss of more than 40 units as do
the Centura gloss and the Lustro gloss. Gloss, though related to smoothness,
is an optica] quality. Gloss of a paper affects the color of print because it
affects the way light is reflected from the ink. Gloss variation in paper must
be kept to a minimum by paper makers if color printing is to be uniform
through out a job.
Gloss was measured using the Gardner Multiangle Glossmeter. United
States Pattern Design 195,054. Model 99.9095. Gloss value is recorded as a
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percentage.
(see Table 3, page 44 ) Paper E was found to have the highest gloss, 75.01 .
Papers F, 64.89, B. 14.20, A, 9.90, D, 8.95 and C, 7.13 percent.
Opacity:
Opacity is the extent to which light transmission is obstructed. It is an
important consideration for printing papers as well as papers for other
uses. Lack of opacity will cause show-through and in doing so reduce print
contrast and print quality. ' Opacity of a paper is determined by the total
light transmittance, that is, parallel and diffused light transmittance. A
paper component that gives opacity and brightness is titaniumm oxide.
Blue-white papers have better opacity than yellow -white papers. Laser
Plus paper has this blue-white color. The more light absorbng a paper, the
better its opacity. Paper opacity is critical when heavy ink coverage is
involved.
Opacity is measured by the contrast and ratio method. It is the ratio of
the diffuse reflectance of a single sheet of paper backed by a black light-
absorbing surface; to its reflectance when backed by a highly reflective
white surface. Opacity of papers range from a few percent for transparent
papers to 100 percent for paque papers.
Opacity was measured using the Diano/BNL-1 Opacimeter. (see table 4,
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page 45) Papers B, Eand Fare the most opaque, 95.0 percent. Papers C,
94.0; D, 93.5 and A, 90.0 percent.
Porosity:
Porosity is the volumn of air in the composition of paper. This air
volumn from 50 to 70 percent for bulky papers to 15 to 35 percent for bond
papers. The ratio of the volumn of the physical components to that of the
air space among the fibers for any given paper has a fundamental influence
on the properties of paper. These are paper hardness, compressibility and
resilence; and its ability to absorb fluids, ink, oils and water. Porosity
influences absorption of ink vehicles. Printing with newsinks requires
porous paper since the ink dries by absorption through the pores. Coated
papers of lower porosity provide higher and better controlled ink holdout
than do uncoated paers. Coated papers also give good ink-gloss in
conventional printing methods. The porous structure of paper consists of
three parts:
(a) Air spaces or voids that extend from the surface of the paper down
into its interior.
(b) Interior air spaces among the fibers.
(c) Pores or channels that extend completely through the
papers'
thickness.
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The manner in which a paper is made influences the porosity. Paper
made from long fibers is more porous than that made from short fibers.
Porosity is also affected by fillers and interfiber bonding. Calandering and
coating further reduces porosity. Calcium carbonate adds openness and
porosity to the coated layer. While the fine particle sizes of calcium
carbonate produce a very fine finish, at any given particle size it will be
lower in gloss and more ink absorbant than clay.^ Coating is the controlling
factor in ink absorption.
Porosity is measured in two ways:
(a) Porosity is determined by measuring the time in seconds it takes for
lOOcnv* of air under constant pressure to pass through a circular one inch
square ofpaper. Air under light pressure is provided by the constant
weight of an inner cylinder that descends by gravity in a surrounding fixed
cylinder. This cylinder is partly filled with oil for oil seal. Air is allowed to
escape through a fixed area of the paper held between clamping plates. A
timer records the seconds required for the cylinder to descend and force
lOOcnv* of air through the paper. An nstrument used to measure porosity
in this way is the Gurley Densometer.
(b) The use of the Sheffield PorosityMeter is another way to measure
porosity. The measurement is based upon the rate of air flow through a
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specified paper area. Filtered air flows upward under a fixed low pressure,
into a tappered glass column; and then to the orifice plate of the gauging
head where it flows through the paper. The rate of air flow through the
paper is indicated by the height of the air-suspended metering float in the
glass column. The flow of air through the paper is dependent on the
porosity of the paper. A paper becomes less porous as the porosity reading
decreases when measured by the Sheffield Porosity meter. This instrument
was used for this experiment and the measure recorded in sheffielsd units.
(see table 5, page 46 ) Paper E is the least porous , 3.50. Papers F, 5.76; B,
110.20; C, 162.0; D, 158.78 and A, 266.71 Sheffield units.
Caliper
Caliper is the thickness of paper. It is the prependicular distance
between the surfaces of a single sheet of paper. Caliper is measured by a
micrometer which applies a specific static load for a minimum specified
time, the micrometer measurement is applied gradually and without
impact. For accuracy the manually operated dead-weight micrometer was
used. Since paper varies in thickness at different points, a thickness of four
sheets was measured at three different points on each sheet and the
average recorded. Caliper is measured in thousandths of an inch.^
(see table 6, page 47 ) Paper E is of the lowest caliper, 3.440. Papers F,
3.925; B, 4.163; A, 4.640; D, 5.060 and C 4.163.
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Paper
Type
i
Basis
Weight
SMOOTHNESS
Side 1 Side 2 Average
Bond 24 lbs 162.24 164.86 163.55
Laser 24 lbs 72.83 79.84 76.34
Mohawk Vellum 70 lbs 340.3 318.0 329.0
Sunray Opaque
Vellum 70 lbs 224.58 208.78 216.68
Centura Gloss 80 lbs 17.40 20.84 19.12
Lustro Gloss
i>
80 lbs 64.74 64.66 64.70
u_
Tablel
Smoothness of each paper type in Sheffield Units
as measured by the Sheffield Smoothness Meter
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Paper
Type
Basi'
Wei"1
.t
BRIGHTNESS
Side 1 Side 2 Average
Bond 24 lbs 89.2 90.3 89.75
Laser 24 lbs 89 89 89
Mohawk Vellum 70 lbs 89 89 89
Sunray Opaque
Vellum 70 lbs
90.6 90 90.3
Centura Gloss 80 lbs 87 87 87
Lustro Gloss
i --
80 lbs 86 86 86
i
Table 2
Brightness of each paper type in percentage as
measured by the Technidyne Brightimeter TM
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Paper
Type
Basis
Weight
GLOSS
Side 1 Side 2 Average
Bond 24 lbs 9.9 10.0 9.9
Laser 24 lbs 13.87 14.6 14.2
Mohawk Vellum 70 lbs 7.1 7.16 7.13
Sunray Opaque
Vellum
70 lbs 8.5 9.4 8.95
Centura Gloss 80 lbs 74.03 74.10 74.01
Lustro Gloss
ik
80 lbs 64.3 65.66 64.98
Table 3
Gloss of each paper type in percentage as
measured by the Multiangle Glossmeter
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} '
Paper Type
'
Basis,
Weight
^
OPACITY
Bond 24 lbs 90
Laser 24 lbs 95
Mohawk Vellum 70 lbs 94
Sunray Opaque Vellum 70 lbs 93.5
Centura Gloss 80 lbs 95
Lustro Gloss
i
80 lbs 95
Table 4
Opacity of each paper type in percentage
as measured by the Diano/BNL-Opacimeter
46
Paper Type
Basis
Weight
1- t
POROSITY
Bond 24 lbs 266.71
Laser 24 lbs 110.2
Mohawk Vellum 70 lbs 162.0
Sunray Opaque Vellum 70 lbs 158.78
Centura Gloss 80 lbs 3.5
Lustro Gloss 80 lbs 5.76
Table 5
Porosity of each paper type in Sheffield Units
as measured by the Sheffield Porosity Meter
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Paper Type Basis
Weight
24 lbs
CALIPER
Bond 4.64
4.163Laser 24 lbs
Mohawk Vellum 70 lbs 5.374
Sunray Opaque Vellum 70 lbs 5.06
3.44Centura Gloss 80 lbs
Lustro Gloss 80 lbs 3.925
Table 6
Caliper of each paper type in thousands of
an inch as measured by the TM micrometer
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Paper Type
Basis
Density
Weight i'
'J' 'k'
Bond 24 lb s 1.16 1.16 1.25
?
Laser Plus 24 lbs 1.14 1.12 1.25
Mohawk Vellum 701bs 1.12
1.16 1.25
Sunray Vellum 701bs 1.25 1.19
1.25
Centura Gloss 80lbs 1.14 1.12 1.19
Lustro Gloss 80lbs 1.12 1.12
1.17
Table 7
Density of Image as Measured with the
Xerox Macro/Micro Densitometer
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Subjective study of edge definition
This part of the study was both, subjective and quantitative. The
selected text is san -serif typeface, point size 24. The characters selected are
lower case T, 'j', 'k*. V. (see illustrations 1, 2, 3, 4, 5 and 6 pages 69, 70, and
71) Micro-photographs were taken of the image in black and white using
polaroid 4"x 5" film. The camera used was the Opti-Photo
Microphotographer. The photographs were taken at a magnification of 25x,
using a 20 millimeter lense and fiber-optics light. One photograph is taken
for each of the six paper types, A, B, C, D, E and F.
These photographs were closely examined by 12 observers who then
ranked them in the order of one to six according to the "image
Quality."
The particpants were all persons with knowledge of printing and were
?.waxe of 'edge definition' and 'image quality'as applied to this study.
In order to have a better view of the 'edge' the character 'k' was isolated
tor close examination and photographed at a magnification of 40x. An
attempt was made to differentiate the photographs by counting the toner
particies within a determined area. This exercise was unsuccessful because
of the difficulty of counting clusters of toner, (see illustrations 7, 8, 9, 10,
1 1 , and 12 pages 72, 73 and 74)
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Study of Edge Definition Using the Xerox Macro/Micro Densitometer
The Xerox Macro/Micro Densitometer was used to take density line-
scans along a defined line, (see Table 7 on page 48)
The above mentioned instrument, uses a Tungsten Halogenous light
source. The light is transmitted by six fiber-optic bundles through six vents.
The light is reflected at an angle of 45 degrees. Infrared light is filtered out.
A green filter was used because this relates to the human vision. It is a
broad band filter, peaking at 0.533 nanometers. Tha apperture was
slit-apperture, O.0004 inch by 0.0788 inch. This is the smallest apperture
for this instrument.
A more appropriate study would require many scans along both, x-axis
and y-axis at intervals of about 10 microns apart. This function was beyond
the capability of the Xerox Macro/Micro Densitometer.
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FOOTNOTES
1. Graphic Arts Technical & Education Center Rochester Institute
of Technology
2. Components: in this context are the characters E, 2, 3, 5, 8.
3. Element: in this context is the group composed of characters E, 2, 3, 5,
8, that form the level of resolution.
4. Vellum: Vellum refers to paper finish. Vellum paper is created by
spec-felts in the manufacturing process to achieve a tooth finish. A
tooth-finish is similiar to antique-finish(a smooth finish.) Vellum
paper is an absorbent paper for good ink penetration.
Source: Information obtained by telephone from Ally and Cory Paper
Company. Rochester, New York.
5. Williams, Roger L. "Paper and Ink
Relationships"
Published by Manhattan Kansas 1985 ppl9
6. Glassman, Alex Ed. "Printing
Fundamentals"
ppl20
7. Banks,W. H. Ed. "Paper in the Printing
Process"
Published by Pergaman Press 1965 ppl25
8. William, Roger L. "Paper and Ink
Relationships"
Published by Manhattan Kansas 1985 ppl8
9. Graphic Arts Technical Foundation: "What the Printer Should Know
About
Paper"
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LIMITATIONS
The laser printer used is the 300 dots per inch Kodak Ektaprint Electronic
Publishing System.
1 . No comparision is made with the print output from any other laser
printers.
2. The specific condition of the cartridge at the time of the experiment is
not known. Instructions in the handbook to the printer indicate that a
green light signifies sufficient toner in the cartridge.
3. Toner particle size is also unknown. Attempts to get this information
from Kodak were unsuccessful.
4. Papers used in this study do not cover the range of papers by various
paper manufacturers. The papers represent the Hammermill Paper
Company, the Mohawk Paper Company and the Seneca Paper Company.*
5. The built-in halftone
patterns'
percentage dot areas on the laser Printer
are not known; but in this experiment, the patterns were assigned dot
areas of 100, 75, 50, 25 and 12 percent, for the purpose of indificantion.
The dot areas assigned are based on visual estimates.
* However, some fairly significant differences in paper surfaces were
represented.
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CHAPTER VI
ANALYSIS OF DATA
The gray scale, RIT Resolution Test Object, the five-patch scale of fill-in
patterns and the letters/characters T, 'j', Y, 'e\ and
' g'
where printed on
30 samples each of papers A, B, C, D, E and F.
The following comparisons where made:
(1) Comparison of tonal reproduction/toner transfer using the gray scale
evaluation.
Thirty measurements of density were taken for each step of the gray
scale reproduced on each of the papers A, B, C, D, E and F. The mean density
for each step of the gray scale was computed, (see appendix pages 118 and
119)
The reproduction of the 32 step gray scale on each of the six different
papers presented the following results:
There is definitely a relationship between the original gray scale density
and the gray scale reproduction density . A difference in the gray scale
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reproduction by the laser printer used, is that the density of reproduction is
below that of the original.The highest density level printed by this
experiment is 0.65 while the highest density measured on the gray scale
original is 2.32.
Comparison of gray scale densities based on basis weight:
Papers A and B are both basis weight 24 lbs. Figure 3, page 57 and figure
4 , on page 58, indicate the gray scale densities reproducted on papers A
and B respectively. A close study of the density measurements at the
selected steps of the gray scale gave the following differences between the
two papers: step 1,0.01; step 6, 0.01; step 11,0.01; step 16,0.01; step 21; 0;
step 26, 0; and steo 31, 0.02. This small difference can be instrumental
error and therefore, is not considered as significant.
Papers C and D are both basis weight 70 lbs. Figure 5, page 59 and
figure 6, page 60, indicate the gray scale densities reproduced on papers C
and D respectively. A study of the densities at the selected steps gave the
following differences between the two papers: at step 1 , 0.01 ; step 6, 0; step
11,0; step 1 6, 0; steo 21,0; step 26, 0; and step 31,0. This result showed
that there was no significant difference between the two papers.
Papers E and F are both basis weights 80 lbs and are coated papers.
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Figure 7, page 61 , and figure 8 page 62, indicate the gray scale densities
reproduced on papers E and F respectively. A close study of the densities
reproduced at the selected steps gave the following differences: at step 1,
0.07; step 6, 0.08; stepel 1, 0.06; step 16, 0.05; step 21 ,0.04; step 26, 0.02
and step 31, 0.02. These differences were large enough to be considered
significant.
Figure 9, page 63, indicates the gray scale densities reproduced on the
papers A, B, C, D, E and F. As stated above the difference between papers A,
B, C, D and F is too small to be significant but the difference paper E and
those already named is significant.
Comparison of the characterists ofpaper E with the characteristics of
papers A, B, C, D, E and F indicated that paper E is the smoothest,
(smoothness measured 19.12 Sheffield units), it has the most gloss, ( gloss
74.01 percent ), it has the least caliper ( caliper 3.44 thousands of an inch )
and is the least porous ( Porosity 3.5 percent), (see Table 8, page 49)
i nis confirmed the result of previous studies that increased smoothness
may affect toner transfer.
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Comparison of resolution on each of papers A, B, C, D, E and F using the RIT
Resolution Test Object.
This Test Object was used to determine :
(a) Lines per millimeter resolved
(b) Line thickness in milllimeters reproduced
The results for each quadrant of the target varied on each of the papers.
these differences were attributed to the effects of aliasing. For the purpose
of this experiment only the measurements in quadrant A were considered.
The resolution in terms of lines per millimeter resolved was measured on
30 samples for each of the papers A, B, C, D, E and F and the mean computed.
Figure 10, page 67, indicates a comparison of the number of lines per
millimeter resolved for each of the papers A, B, C, D, E and F (Bond, Laser,
Mohawk, Sunray . Centura and Lustro). The difference between paper A
and B, both basis weight 24 lbs was 0.1; difference between papers C and D
both basis weights 70 lbs was 0.1 ; and the difference between papers E and
FwasO.
However, this resolution was far below the target which was 18 lines per
millimeter.
Figure 11, page 68, indicates the line thicknesss in millimeters
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reproduced. The scale in this graph was choosen to reveal any small
differences. As indicated in this graph there was no significant difference in
the performance of any one paper. The target line thickness was 0.0277.
The results obtained were far from the target.
Comparison of density of image (letters/characters T, 'j', 'k',) reproduced on
each of papers A, B, C, D, E and F.
Table 9, page 69, indicates the density of the image as measured with
the Xerox Macro/Micro Densitometer. The density of image
'i'
and
'j'
on
paper A was highest, that is 1.16. But the density of image
'k'
was 1.25 on
papers A, B, C and D. In paper B and paper E the density for image T and
'j'
was the same, that is, 1.39 and 1 .12 respectively. In papers C and F the
density of image T is the same, 1.12. there was no clear cut trend in the
density of the image on any one or more of the papers.
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Comparison of the edge definition of the image (letters/characters T, 'j', 'k')
as seen on papers A, B, C, D, E and F.
Illustrations 1 , 2, 3, 4, 5 and 6 on pages 70, 71 and 72 indicate the image
T, 'j', 'k', at magnification 25x. A visual examination of these indicated no
noticeable difference in edge definition as determined by toner dispersal
from the definite black and white edge of the letter/character.
Illustrations 7, 8, 9, 10, 1 1 and 12 on pages 73, 74 and 75, indicate the
image Y, magnified 40x. An visual examination of these illustrations also
did not indicate any outstaanding difference in image quality, due to this it
was decided to use subjective evaluation of the image quality.*
Table 9, page 69 indicates the results obtained after 12 observers had
evaluated the quality of the image in order of preference.
The results of the subject judgement of the image quality under weighted
iduu uidicated that paper D was ranked best with a value of 53, paper C
was second with value 50, paper A was third with value 46, paper B was
fourth with value 39, paper E was fifth with value 31 and paper F was sixth
and last with value 21.
*See appendix page 150
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Paper
best
6 pts 5 pts 4 pts 3 pts
worst
2 pts 1 pt
total
pts
A -0- 20 12 12 2 -0- 46
B 6 10 8 12 -0- 3 39
C 30 10 4 -0- 4 2 50
D 24 10 12 3 4 -0- 53
E -0- 5 8 6 10 2 31
V
1
6 -0- 4 6 6 5 27
Table 9
Results of subjective evaluation
of image quality on papers A, B, C, D, E and F
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Illustration 1
Image on Bond Text, magified 25x
Illustration 2
Image on Laser Plus, magnified 25x
71
Illustration 3
Image Mohawk Vellum Text, magnified25x
Illustration 4
Image on White Sunray Opaque Vellum Text,
magnified 25x
72
Illustration 5
Image on White Enamel Centura Gloss Text,
magnified 25x
Illustration 6
Image on Lustro Gloss Text, magnified 25x
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Comparison of density of the fill-in patterns reproduced on each of the
papers A, B, C, D, E and F
The fill-in patterns made up a five patch density scale. The density was
measured for each of the five patches on 30 samples of papers A, B, C, D, E
and F. Figurel2 and figure 13, pages 78 and 79, indicate the reproduction
densities of the fill-in patterns on papers A and B respectively. Both these
papers are basis weights 24 lbs. The difference in density between the two
papers at step five of the scale was 0.1.* the difference at step four was 0;
at step three was 0, at step two was 0.01 and at step one was 0.
Figure 14 and figure 15, on pages 80 and 81, indicate the reproduction
densities on papers C and D. Both thes papers are basis weights 70 lbs. The
difference in reproduction densities between these two papers at step five
was 0, at step four was 0.02, at step three was 0.02, at step two was 0 and
at step one was 0.01.
?Step five is the shadow end of the scale, step one is the highlight end of
the density scale.
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Figures 16 and 17 on pages 82 and 83 indicate the reproduction densities
on papers E and F. Both these papers are basis weights 80 lbs. The
difference in the reproduction densities at step five was 0.07, at step four
was 0.05, at step three was 0.05, at step two was 0 and at step one was 0.
Figure 1 8, page 84 indicates a comparison of the reproduction densities of
the five paptch fill-in patterns on each of the papers A, B, C, D, E and F.
The difference in densities of fill-in patterns between papers E and the
others ( Papers A, B, C, D and F) was found to correspond with the
difference in densities of the original gray scale reproduction.
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CHAPTER VII
CONCLUSIONS
Results showed that none of the following indicators of image quality were
significantily influenced by paper types:
(a) Tonal reproduction
(b) Resolution
(i) Number of lines per millimeter resolved
(ii) Line thickness in millimeters reproduced
(c) Edge definition
(d) Comparison of densities reproduced using fill-in patterns
Therefore, since fairly significant differences in paper characteristics as
smoothness, brightness gloss, opacity, porosity and caliper did not result in
any significant differences of reproduction quality, we can conalude that a
wide variety of papers, including coated papers can successfully be used for
for laser printers.
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32.09
INDIVIDUAL 95 PCT CI'S FOR MEAN
BASED ON POOLED STDEV
+ + +
( 4> )
( *-
( * )
< )
( * )
( * )
+ + +
)
0.540 0.570 0.600 0.630
ANALYSIS OF VARIANCE ON C6
SOURCE
C33
ERROR
TOTAL
DF SS MS
5 0.127751 0.025550
174 0.125407 0.000721
179 0.253158
35.45
INDIVIDUAL 95 PCT CI S FOR MEAN
BASED ON POOLED STDEV
LEVEL N MEAN STDEV . ,* *
1 30 0.54400 0.02673 ( # )
2 30 0.59100 0.02564 < * )
3 30 0.53067 0.02599 ( * )
4 30 0.51533 0.03298 ( >
5 30 0.51567 0.02674 ( * )
6 30 0.51867 0.02177 ( )
POOLED STDEV 0.02685 0.510 0.540 0..570 0.600
110
Hlb onpw c7 c33
ANALYSIS OF VARIANCE ON C7
SOURCE DF SS M5
r
. 5 0. 12371 1 0.024742
ERROR 174 0. 131220 0.000754
TOTAL 179 0.254931
LEVEL N MEAN STDEV
1 30 0.51567 0.0273B
2 30 0.56333 0.02468
3 30 0.50400 0.03035
4 30 0.4BB67 0.03235
5 30 0.48900 0.02881
6 30 0.49200 0.01919
POOLED STDEV = 0.02746
MTf > onew cB c33
F
.61
INDIVIDUAL 95 PCT CI'S FOR MEAN
BASED ON POOLED STDEV
-+ + + +
( * )
( )
( ?__>
< , ,
< # )
< * )
_+ + + +
J. 480 0.510 0.540 0.570
ANALYSIS OF VARIANCE ON CB
SOURCE DF SS
30
POOLED STDEV 0.03261
MTB > onew c9 c33
MS
C33 5 0. 13704 0.02741
ERROR 174 O. 18499 0.00106
TOTAL 179 0.32203
LEVEL N MEAN STDEV
1 30 0. 48500 0.03560
2 30 0.54033 0. 03567
-T 30 0.47500 0.03646
4 30 0.46167 0.03239
5 30 0.45967 0.02988
0.46800 0.02384
25.78
INDIVIDUAL 95 PCT CI'S FOR MEAN
BASED ON POOLED STDEV
_+ + +
< * )
<
< * )
( ? >
( * >
< )
0.450 0.480 0.510 0.540
ANALYSIS OF VARIANCE ON C9
SOURCE DF SS MS
C33 5 0.08702 0.01740
ERROR 174 0.20039 0. 00115
TOTAL 179 0.28741
LEVEL N MEAN STDEV
1 30 0.44800 0.03326
2 30 0.49000 0.04586
3 30 0.43800 0.03468
4 30 0.43367 0.03068
5 30 0.42533 0.03203
6 30 0.42733 0.02303
POOLED STDEV 0. 03394
15.11
INDIVIDUAL 95 PCT CI'S FOR MEAN
BASED ON POOLED STDEV
+ + ? +
( * >
( )
( # )
( >
( )
( # )
+ + + *
0.420 0.450 0.480 0.510
111
MTfr onei. c J 0 cc3
ANALYSIS OF VARIANCE ON CIO
SOURCE DF SS
C33 5 0.08B964
ERROR 174 0.15B660
TOTAL 179 0.247624
MS F
0.017793 19.51
0.000912
LEVEL N MEAN
1 30 0.41 600 0
r~; 30 0.45500 0
3 30 0.39933 0
4 30 0.39400 0
tZT 30 0. 39233 0
6 30 0.39467 0
POOLED STDEV = 0.03020
MTB > iDnpw ell c33
INDIVIDUAL 95 PCT CI'S FOR MEAN
BASED ON POOLED STDEV
STDEV + + + +
03626 ( # >
03785 ( )
03095 ( # )
02774 < * )
02596 ( * )
01795 < # )
+ + + +
0.384 0.408 0.432 0.45fc
ANALYSIS OF VARIANCE ON CU
SOURCE DF S5 M5
C33 5 0.073223 0.014645
ERROR 174 0.113277 0.000651
TOTAL 179 O. 186499
LEVEL N MEAN STDEV
1 30 0.39167 0.02755
~) 30 0.43367 0.02773
O 30 O. 38200 0.02631
4 30 0.37933 0.02490
5 30 0.37500 0.0268B
6 30 0.37867 0.01852
POOLED STDEV - 0.02552
MTB > iDnew cl2 c33
F
22.49
INDIVIDUAL 95 PCT CI'S FOR MEAN
BASED ON POOLED STDEV
+ H +
( )
< * )
( * )
( * )
( * )
< * >
+ H +
0.384 0.408 0.432
ANALYSIS OF VARIANCE .ON C12
SOURCE DF SS MS
C33 5 0.061907 0.012381
ERROR 174 0.128973 0.000741
TOTAL 179 0.190880
LEVEL
1
2
3
4
5
6
N
30
30
30
30
30
30
MEAN
0.37767
0.41400
0.36767
0.36467
, 35767
, 36633
O.
0.
STDEV
0.02569
0.03747
0.02596
0.02209
0.02921
0.01921
F
16.70
INDIVIDUAL 95 PCT CI'S FOR MEAN
BASED ON POOLED STDEV
(- -# )
POOLED STDEV 0.02723
< * >
( * )
( # )
( * )
+ +
0.360 0.384 0.408 0.432
112
MTt* onpu c 1 3
ANALYSIS OF VARIANCE ON CI 3
SOURCE DF SS MS
C33 5 0.077998 0.014B00
ERROR 174 0.123127 0.000708
TOTAL 179 0.197124
LEVEL N MEAN STDEV
1 30 0.37233 0.02459
r> 30 0.41600 0.03103
7*, 30 0. 36600 0.02711
4 30 0. 36333 0.02254
5 30 0.35333 0.02869
6 30 0.36467 0.02474
POOLED STDEV = 0.02660
MTB ; onew cl4 c33
F
20.91
INDIVIDUAL 95 PCT CI'S FOR MEAN
BASED ON POOLED STDEV
< # )
( *--
< * )
( , )
( )
( )
0.360 0.384 0.408
ANALYSIS OF VARIANCE ON C14
SOURCE DF SS MS
C73 5 O. 072002 0.014400
ERROR 174 0.113210 0.O00651
TOTAL 179 0.1B5212
LEVEL N MEAN STDEV
1 30 0.36247 0.02702
-> 30 0. 40633 0.02773
"!; 30 0.35600 0.024B6
4 30 0.35233 0.02344
c 30 0.34567 0.0273B
6 30 0.35533 0.02209
POOLED STDEV = 0.02551
MTB y onew cl5 c33
ANALYSIS OF VARIANCE ON CI 5
SOURCE DF SS MS
C33 5 0.060224 0.012045
ERROR 174 0.092130 0.000529
TOTAL 179 0.152355
F
22. 13
INDIVIDUAL 95 PCT CI'S FOR MEAN
BASED ON POOLED STDEV
+ 1- 1.
( )
( 4f )
< * )
( # )
< )
< * )
+ + +
0.360 0.384 0.408
F
22.75
LEVEL N MEAN
1 30 0.34913
2 30 0.39267
3 30 0.34500
4 30 0.34633
5 30 0.33667
6 30 0.34633
POOLED STDEV - 0.02301
INDIVIDUAL 95 PCT CI'S FOR MEAN
BASED ON POOLED STDEV
STDEV + + + +
0.02674 < * >
0.02690 < * >
0.02030 ( >
0.02059 < * >
0.02397 < )
0.01B10 ( * >
+ + + +
0.340 0.360 0.380 0.400
113
MT)> onew c 1 t
ANALYSIS OF VARIANCE ON CI 6
SOURCE DF SS MS
" 5 0.0549B7 0.010997
ERROR 174 0.082279 0.000473
TOTAL 179 0.137267
LEVEL
1
4
5
6
N
30
30
30
30
30
30
MEAN
0.33713
0.37967
0.33300
O. 33000
0.33133
O. 33433
POOLED STDEV = 0.02175
MTB > onew cl7 c33
STDEV
0.02734
0.02327
0.01B78
0.02084
0.02047
0.01851
INDIVIDUAL 95 PCT CIS FOR MEAN
BASED ON POOLED STDEV
( * )
<* )
( ? ,
< >
< >
1.
0.340
< t )
0.360
+
0.380
ANALYSIS OF VARIANCE ON C17
SOURCE DF SS MS
C33 5 0.069187 0.013837
ERROR 174 0.094993 0.000546
TOTAL 179 0.164180
LEVEL
1
2
F
25.35
N MEAN
30 0.31433
30 0. 36367
30 0.31667
30 0.30867
30 0.30867
30 0.31000
POOLED STDEV - 0.02337
MTB > onew clB c33
INDIVIDUAL 95 PCT CI'S FOR MEAN
BASED ON POOLED STDEV
STDEV + + +
0.02417 ( * )
0.02297 < * )
0.02845 ( * )
0.02113 ( * )
0.02501 < # )
0.01682 < * )
+ + +
0.320 0.340 0.360
ANALYSIS OF VARIANCE ON ClB
SOURCE DF SS MS
C33 5 0.064429 0.012886
ERROR 174 0.059457 0.000342
total 179 O. 1238B6
LEVEL
1
2
3
4
N MEAN STDEV +
30 0.30300 0.01B78 < -
30 O. 34633 0.02076
30 0.29633 0.01790 ( # )
30 0.29333 0.02040 <-- >
30 0.29233 0.01716 (- )
30 0.29700 0.01535 <--# )
F
37.71
INDIVIDUAL 95 PCT CI'S FOR MEAN
BASED ON POOLED STDEV
< *-
POOLED STDEV 0.01849 0.300
+
0.320 0.340
114
MTP ~ onpw c 1 9 c33
ANALYSIS OF VARIANCE ON C19
SOURCE DF S5 MS
C33 C7 0.05271 1 0.01054 2
ERROR 174 0.0444B7 0.000256
TOTAL 179 0.097198
LEVEL N MEAN STDEV
1 30 0.28900 0.01954
^ 30 0.32733 0.01507
^ 30 0.28533 0.01570
4 30 0.27767 0.01524
5 30 0.27800 0.01472
6 30 0. 2B333 0.01516
FOOLED STDEV = 0.01599
MTfc > onew c20 c33
41,
INDIVIDUAL 95 PCT CI'S FOR MEAN
BASED ON POOLED STDEV
+ + +
<-* )
( * )
( * )
< * )
( * )
4- + +
0.280 0.300 0. 320 0.340
ANALYSIS OF VARIANCE ON C20
SOURCE
C37
ERROR
TOTAL
LEVEL
1
z>
DF
5
174
179
N
30
30
30
30
30
30
POOLED STDEV
MTB > onew c21 c33
SS
0.047440
0.048240
0.095680
MEAN
0.28100
0.32067
0.27867
0.27500
0.27500
0.27767
O. 01665
MS
0.O094BB
O. 000277
STDEV
0.02107
0.01552
0.01776
0.01526
0.01737
O. 01135
34.
INDIVIDUAL 95 PCT CI'S FOR MEAN
BASED ON POOLED STDEV
+ + +
< * >
-? )
( *
( * )
< * )
< )
+
0.272 0.288 0.304 0.320
ANALYSIS OF VARIANCE ON C21
SOURCE
C33
ERROR
TOTAL
LEVEL
1
2
3
4
DF
5
174
179
N
30
30
30
30
30
30
POOLED STDEV
SS
0.043136
0.042403
0.085539
MEAN
0.26267
0.29767
0.26033
0.25233
O. 25300
0.25833
0.01561
0.
O.
MS
008627
000244
STDEV
0.01680
0.01675
0.01790
0.01305
0.01664
0.01147
35.40
INDIVIDUAL 95 PCT CIS FOR MEAN
BASED ON POOLED STDEV
+r + +
I* )
( # )
( #
< * )
< )
( # )
0.256
.+
,272 0.2BB 0.304
115
Ml b ' onew c22 c 33
ANALYSIS OF VARIANCE ON C22
SOURCE DF SS MS
C73 5 0.0383B3 0.007677
ERROR 174 0. 101623 0 . 000584
TOTAL 179 0. 140006
LEVEL N MEAN STDEV
1 30 0.25333 0.01561
2 30 0.28467 0.01479
3 30 0.24767 0.01501
4 30 0.23833 0. 01533
5 30 0.25100 0.05006
6 30 0.24733 0.00868
POOLED STDEV = 0.02417
MTB > ianew c23 c33
ANALYSIS OF VARIANCE ON C23
SOURCE DF SS MS
C33 5 0.035268 0.007054
ERROR 174 0.034B4 9 0.000200
TOTAL 179 0.070117
LEVEL N MEAN STDEV
1 30 0.24500 0.02080
O 30 0.27633 0.01245
T, 30 0.24277 0.01522
4 30 0.23633 0.01129
5 30 0.23400 0.01192
6 30 0.24333 0.01061
POOLED STDEV 0.01415
MTB > onew c24 c33
F
14
INDIVIDUAL 95 PCT CI'S FOR MEAN
BASED ON POOLED STDEV
+ + + +
( * )
( >
( # ,
( )
( * ,
( * )
+ + 4 +
0.240 0.260 0.280 0.300
F
.22
INDIVIDUAL 95 PCT CI'S FOR MEAN
BASED ON POOLED STDEV
+ + +
( )
( )
( >
( * )
( ,
< * >
+ 4. 4.
0.240 0.256 0.272
ANALYSIS OF VARIANCE ON C24
SOURCE DF SS MS
C33 5 0.035671 0.O07134
ERROR 174 0.047707 0.000274
TOTAL 179 0.0B337B
LEVEL N MEAN STDEV
1 30 0.22633 0.02076
2 30 0.25900 0.02023
3 30 0.22500 0.01432
4 30 0.21700 0.01860
5 30 0.21800 0.01243
6 30 0.22800 0.00997
POOLED STDEV - 0.01656
26.02
INDIVIDUAL 95 PCT CI'S FOR MEAN
BASED ON POOLED STDEV
+ 4. . 4.
( )
< *-
( # )
( )
< * >
( >
0.224 0.240 0.256
)
116
rrb onew c2:
ANALYSIS OF VARIANCE ON C2^
SOURCE
C 77
ERROF
TOTAL
LEVEL
1
DF
174
179
N
30
30
30
30
30
30
S5
0.031423
0.048183
0.079606
POOLED STDEV
0.
0.
o.
0.
0.
0.
MEAN
19900
23300
1 9800
1 9500
19667
20067
0.01664
MS
0.006285
0.000277
F
22.69
INDIVIDUAL 95 PCT CI 'S FOR MEAN
BASED ON POOLED STDEV
STDEV + + +-
02090 ( # )
,02261 < ? )
,01215 ( )
01635 < >
,01213 ( * )
01230 ( ? )
4 + + 4-_
0.196 0.210 0.224 0.231
MTB ? onew c26 c33
A'JALYS IS C)F VARIANCE ON C26
SOURCE DF SS MS
C37 5 0.016385 0.003277
ERROR 174 0.066270 0.0003B1
TOTAL 179 0.082655
LEVEL N MEAN STDEV
1 30 0. 19167 0.02167
2 30 0.21233 0.02459
3 30 0. 19033 0.01829
4 30 0. 18367 0.02042
5 30 0. 18433 0.01569
6 30 0.19067 0.01461
POOLED STDEV - 0.01952
MTB > onew c27 c33
F
8.60
INDIVIDUAL 95 PCT CI'S FOR MEAN
BASED ON POOLED STDEV
4- 4- + +
( * )
< * )
( )
( * >
< )
( )
4 4. 4. 4-
0.1B0 0.192 0.204 0.216
ANALYSIS OF VARIANCE ON C27
SOURCE
C33
ERROR
TOTAL
LEVEL
1
2
3
4
POOLED
DF SS MS
5 0.022673 0.004535
174 0.046247 0.000266
179 0.068920
N MEAN STDEV
30 0.15767 0.01305
30 0. 18133 0.02403
30 0. 14933 0.01285
30 0. 14900 0.01561
30 0. 15067 0.01461
30 0. 15600 0.01499
STDEV - 0.01630
17.06
INDIVIDUAL 95 PCT CI'S FOR MEAN
BASED ON POOLED STDEV
_4. 4. 4- +
< )
< *
( * )
( )
( >
< * )
-+ ? + ?
0.144 0.156 0.168 0.180
117
Ml b onew c-'fc c .
AUi-l > 51 !
SOUR _L
C77
ERROR
TOTAL
LEVEL
1
4
5
6
POOLED 5T
MTB > one
OP VAR1
DF
5 0.
174 O.
179 0.
ANCE ON
Sb
0178618
0158888
0337506
N
30
30
30
30
30
30
DEV =
w c29 c
0.
O.
0.
0.
009S
C2B
MS
,0075724
00U09 1 7
MEAN
O. 15180
0. 16800
14333
14067
1 3800
14567
STDEV
00898
011B6
00922
01172
006 1 0
00817
39
F
12
INDIVIDUAL 95 PCT CI'S FOR MEAN
BASED ON POOLED STDEV
-* )
( * )
< *-
< # )
# )
(
4
0. 140
)
)
0 . 1 50
-4
, 160 0. 170
ANALYSIS OF VARIANCE ON C29
SOURCE DF SS
C37 5 0.017889 0.
ERROR 174 0.023450 0.
TOTAL 179 0.041339
LEVEL
1
N
30
30
30
30
30
30
POOLED
MTB > o
STDEV
MEAN
0. 13873
0. 15767
0. 13400
0. 12900
0. 12733
0. 13600
0.01161
MS
00357B
000135
26.
INDIVIDUAL 95 PCT CI'S FOR MEAN
BASED ON POOLED STDEV
STDEV + + +
0.01416
0.01455
0.01192
0.01094
0.00907
0.00724
< * )
( # )
( * )
( )
< ? )
( * )
0. 132
4.
O. 144
-4.
,156
new c30 c33
ANALYSIS OF VARIANCE ON C30
SOURCE DF Sb MS
C33 5 0.015012 0.003002
ERROR 174 0.034763 0. 000200
TOTAL 179 0.049775
LEVEL N MEAN STDEV
1 30 0. 12033 0.01564
2 30 0.14200 0.01 BOB
3 30 0. 11900 0.01398
4 30 0. 11567 0.013B2
5 30 0. 11500 0.01137
6 30 0. 12300 0.01055
POOLED STDEV = 0.01413
15.03
INDIVIDUAL 95 PCT CI'S FOR MEAN
BASED ON POOLED STDEV
4 ). 4.
( * >
( * >
< >
( )
( # )
( * >
4. 4. 4
0.120 0.132 0.144
MTB c31 c33
118
ANALYSIS OH VARIANCE ON C31
SOUFCE DF SS
C77 5 o.oiter- o.
EFROf- 174 .'. i.C'14;.."7
1 01 hL 179 i.'.07E2br
LEVEL N
1 30
2 30
3 30
4 30
5 30
6 30
POOLED STDEV =
MTE- - onew c3I
MEAN
1 0600
11867
09167
09267
09267
10000
0.01 1 10
(.) . f.M.H i ]
~'~
STDEV
0. 01276
0.0 1008
01 117
01 143
0 1 285
0074 7
INDIVIDUAL 95 PCT CI'S FOR MEAN
BASED ON POOLED STDEV
)
( . >
< * )
<
(--
-* )
-* )
0.090 0. 100 0. 110 0. 120
ANALYS1 !
SOURCE
C33
ERROR
TOTAL
LEVEL
1
OF VARIANCE ON
DF SS
5 0.0159361
174 0.0094 300
179 0.0253661
N
30
30
30
30
30
30
C32
MS
O.O031B72
0.0000542
MEAN
, 10100
1 1 500
, 09033
08967
08733
, 09700
STDEV
00885
, 00572
00928
00615
, 00640
00702
F
58.81
INDIVIDUAL 95 PCT CI'S FOR MEAN
BASED ON POOLED STDEV
-* )
( * )
<-* >
< -)
(-* >
-* )
POOLED STDEV = 0.00736
MTB > save ' i rene. worksheet
'
MTB > stOD
*** Minitab Release 5.1.3 ?** Minitab.
Storage available 1B1B030
4
0.090
Inc. ***
0. 100 0. 110
-+
, i:
TYPE IBEHBT.ANOVA
MTB > onew cl c33
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1 . 78
1 . 6U
1 . 45
1 . 31
1 . 19
1. 10
1. 02
0. 94
0. 89
0. 84
0. 78
0. 73
0. 66
0.,67
0.,56
0.. 53
0..49
0,.45
0..41
o,.36
0, 32
0 .27
0,.21
0 . 17
0 . 12
0 .08
0 .05
0 .03
,SER
0. 51
0. 57
0. 60
0. 61
0. 57
0. 54
0. 52
0. 49
0. 45
0. 42
0. 39
0. 3B
0. 37
0. 36
0. 35
0. 34
0.,31
0., 30
0.,29
0.,28
0..26
0..25
0..25
0, n-T
0,.20
0,. 19
0 . 16
0 . 15
0 . 14
0 . 12
0 . 11
0 . 10
CENTURA
0. 56
0. 63
0. 65
0. 65
0. 62
0. 59
0. 56
0. 54
0. 49
0. 46
0. 43
0. 41
0. 42
0. 41
0. 39
0. 38
0., 36
0. -re.
0. 3~-
0,. -'4.
0..30
0,.28
0,.28
0 .26
0
0 .21
0 .18
0 . 17
0 . 16
0 . 14
0 . 12
0 . 12
BOND
0.50
0.57
0.5B
0. 60
0.56
0.53
0.50
o.4e
0.44
0. 40
0.38
0. 37
0.37
0.36
0.35
0.33
0.32
0.30
0. 29
0.28
0.26
0.25
0.24
0.23
0.20
0. 19
0. 15
0. 14
0. 13
0. 12
0. 10
0. 10
120
MOHAWf SUNRAY
0.49 0.4B
0.54 0.55
0. 56 0.57
0.57 0.57
0.54 0.54
0.52 0.52
0.4 9 0.49
0.46 0.46
0. 43 0.43
0.40 0.39
0. 38 0.38
0. 3e> 0.36
0.36 0.35
0.35 0.35
0.35 0. 35
0.33 0.33
0.31 0.31
0.29 0.29
0.28 0.28
0.28 0.28
0.25 0.25
0.24 0.25
0.24 0.23
0.22 0.22
0 . 20 0.20
0. 18 0. IB
0. 15 0. 15
0. 14 0.14
0. 13 0. 13
0. 12 0. 12
0. 10 0.09
0.09 0.09
LUSTRO
0.49
0.55
0.57
0.56
0.54
0.52
0.49
0.47
0.43
0.39
0.38
0.37
0.36
0.36
0.35
0.33
0.31
0.30
0.28
0.28
0.26
0.25
0.24
0.23
0.20
O. 19
0. 16
0. 15
0. 14
0. 12
0.10
O.09
121
m:
0.54 0.4 0.64 0.61 0.56 0.53 0.5 0.46 0.42 0.39 0.38 0.36 0.36 0.35
0.5: 0.6 0.62 0.6 0.61 0.57 0.57 0.56 0.53 0.46 0.43 0.42 0.39 0.36
0.54 0.57 0.56 0.58 0.57 0.53 0.51 0.47 0.42 0.4 0.37 0.36 0.39 0.37
0.47 0.55 0.57 0.57 0.54 0.51 0.51 0.46 0.44 0.42 0.41 0.38 0.38 0.37
0.53 0.56 0.6 0.59 0.56 0.51 0.46 0.44 0.43 0.37 0.35 0.35 0.36 0.35
0.5 0.54 0.62 0.6 0.55 0.53 0.5 0.49 0.45 0.4 0.4 0.36 0.39 0.37
0.5 0.59 0.52 0.6 0.56 0.56 0.52 0.49 0.46 0.42 0.4 0.36 0.39 C.3S
0.5: 0.59 0.57 0.62 0.62 0.57 0.54 0.54 0.5 0.44 0.41 0.38 0.41 0.39
0.55 0.44 0.55 0.62 0.57 0.56 0.53 0.5 0.44 0.41 0.36 0.36 0.35 0.36
0.49 0.6 0.57 0.64 0.58 0.57 0.55 0.52 0.47 0.42 0.36 0.36 0.36 0.35
0.4 0.4 0.62 0.57 0.55 0.51 0.5 0.47 0.45 0.39 0.37 0.37 0.38 0.36
0.48 0.54 0.63 0.59 0.54 0.53 0.5 0.48 0.46 0.42 0.41 0.39 0.39 0.37
0.46 0.56 0.55 0.59 0.58 0.54 0.51 0.46 0.41 0.37 0.35 0.34 0.34 0.34
0.54 0.62 0.62 0.63 0.57 0.54 0.48 0.44 0.41 0.37 0.34 0.34 0.33 0.3!
0.46 0.5 0.52 0.55 0.52 0.5 0.48 0.45 0.42 0.36 0.35 0.35 0.34 0.31
0.51 0.57 0.57 0.58 0.53 0.51 0.49 0.47 0.44 0.38 0.38 0.37 0.36 0.37
0.43 0.52 0.55 0.55 0.53 0.5 0.46 0.43 0.36 0.37 0.36 0.32 0.32 0.32
0.53 0.57 0.57 0.58 0.55 0.51 0.54 0.43 0.41 0.36 0.35 0.31 0.32 0.32
0.5 0.4 0.63 0.64 0.59 0.55 0.47 0.5 0.42 0.39 0.37 0.35 0.34 0.34
0.54 0.62 0.62 0.62 0.58 0.54 0.51 0.5 0.47 0.42 0.36 0.36 0.38 0.39
0.46 0.55 0.55 0.59 0.55 0.52 0.51 0.5 0.45 0.4 0.4 0.4 0.38 0.36
0.54 0.62 0.62 0.6 0.56 0.52 0.49 0.45 0.43 0.43 0.41 0.4 0.39 0.39
0.5 0.55 0.57 0.59 0.55 0.51 0.48 0.44 0.4 0.39 0.39 0.39 0.41 0.4
0.46 0.56 0.6 0.67 0.62 0.59 0.57 0.53 0.48 0.44 0.4 0.39 0.35 0.34
0.51 0.56 0.62 0.6 0.57 0.55 0.51 0.46 0.43 0.4 0.J9 0.37 0.35 0.32
0.51 0.55 0.55 0.53 0.49 0.48 0.45 0.41 0.38 0.35 0.36 0.35 0.35 0.37
0.5 0.57 0.56 0.59 0.51 0.5 0.47 0.45 0.41 0.37 0.36 0.35 0.35 0.34
0.44 0.54 0.58 C.55 0.54 0.51 0.48 0.44 0.39 0.35 0.34 0.34 0.32 0.33
0.51 0.59 0.6 0.61 0.56 0.53 0.51 0.48 0.46 0.43 0.4 0.37 0.37 0.38
0.49 0.56 0.57 0.61 0.55 0.54 0.52 0.53 0.48 0.46 0.44 0.42 0.41 0.37
0.501 0.574333 0.584666 0.595646 0.559333 0.530664 0.504 0.475 0.438 0.399333 0.362 0.367664 0.344 0.356
122For ! *-*
0.35 0.31 0.26 0.27 0.27 0.26 0.25 0.25 0.22 0.2 0.2 0.15 0.14 0.14
0.35 0.32 0.32 0.3 0.26 0.27 0.27 0.25 0.22 0.22 0.18 0.17 0.16 0.15
0.36 0.35 0.32 0.32 0.29 0.3 0.28 0.25 0.26 0.25 0.21 0.21 0.16 0.1!
0.35 0.34 0.3 0.3 0.31 0.29 0.27 0.26 0.25 0.23 0.2 0.2 0.15 0.14
0.34 0.33 0.43 0.31 0.31 0.3 o.2e 0.27 0.27 0.24 0.2! 0.2 0.15 0.16
0.35 0.32 0.32 0.29 0.28 0.26 0.24 0.24 0.22 0.2 0.19 0.16 0.14 0.14
0.36 0.34 0.31 0.3 0.3 0.29 0.29 0.29 0.25 0.24 0.23 0.2 0.2 C.15
0.36 0.34 0.33 0.32 0.3 0.3 0.26 0.26 0.27 0.23 0.21 0.2! 0.16 0.16
0.34 0.35 0.3 0.31 0.3 0.29 0.26 0.25 0.25 0.23 0.2 0.2 0.15 0.15
C.35 0.34 0.33 0.31 0.3 0.3 0.26 0.25 0.25 0.23 0.2 0.2 0.15 0.14
C.35 0.34 0.31 0.3 0.29 0.29 0.26 0.24 0.24 0.21 0.18 0.19 0.13 0.13
0.34 0.33 0.3 0.26 0.27 0.25 0.23 0.23 0.23 0.2 0.16 0.14 0.14 0.13
0.33 0.31 0.28 0.26 0.26 0.24 0.23 0.22 0.233 0.22 0.2 0.18 0.15 0.14
0.32 0.32 0.32 0.31 0.28 0.26 0.25 0.25 0.23 0.2) 0.16 0.16 0.15 0.14
0.32 0.31 0.3! 0.27 0.27 0.26 0.25 0.23 0.23 0.2 0.19 0.19 0.14 0.13
0.37 0.35 0.35 0.26 0.28 0.26 0.27 0.24 0.25 0.23 0.2 0.19 0.14 0.14
0.31 0.32 0.3 0.28 0.28 0.26 0.26 0.25 0.24 0.23 0.19 0.19 0.14 0.13
0.32 0.31 0.29 0.29 0.27 0.27 0.24 0.23 0.22 0.21 0.19 0.19 0.14 0.14
0.35 0.31 0.3 0.27 0.27 0.26 0.26 0.25 0.26 0.23 0.2 0.21 0.15 0.15
0.39 0.37 0.35 0.32 0.3 0.29 0.26 0.26 0.25 0.23 0.21 0.2 0.15 0.14
0.34 0.34 0.31 0.3 0.28 0.29 S.26 0.25 0.23 0.22 0.2 0.16 0.14 0.13
0.39 0.37 0.34 0.33 0.32 0.3 0.27 0.25 0.26 0.23 0.2 0.2 0.15 0.15
0.36 0.34 0.32 0.3 0.28 0.25 0.23 0.22 0.22 0.21 0.18 0.15 0.14 0.13
0.35 0.36 0.33 0.31 0.3 0.3 0.26 0.26 0.26 0.24 0.2 0.19 0.15 0.15
0.31 0.3 0.29 0.26 0.29 0.28 0.27 0.25 0.25 0.24 0.21 0.2 0.15 0.13
0.35 0.33 0.29 0.29 0.27 0.26 0.24 0.23 0.23 0.23 0.19 0.2 0.16 0.14
0.31 0.32 0.32 0.29 0.26 0.25 0.23 0.24 0.24 0.23 0.2 0.2 0.14 0.15
0.33 0.32 0.3 0.28 0.26 0.28 0.26 0.24 0.25 0.23 0.19 0.19 0.14 0.14
0.35 0.36 0.34 0.32 0.3 0.28 0.26 0.25 0.25 0.23 0.2 0.2 0.15 0.15
0.35 0.34 0.31 0.3 0.27 0.29 0.26 0.27 0.25 0.25 0.22 0.22 0.17 0.16
0.345 0.333 0.314446 0.296333 0.295333 0.27B446 0.260333 0.247446 0.242746 0.225 0.196 0.190333 0.149333 0.143333
123
0.12 0.09 0.1
0.13 0.11 0.1
0.13 0.09 0.09
0.12 0.09 0.09
0.13 0.1 0.09
0.11 0.08 0.09
0.14 0.13 0.1
0.13, 0.1 0.09
0.12 0.09 0.09
0.09 0.09 0.09
0.13 0.09 0.09
0.09 0.06 0.06
0.12 0.09 0.09
0.09 0.09 0.09
0.11 0.06 0.08
0.11 0.09 0.09
0.12 0.06 0.07
0.11 0.06 0.09
0.13 0.08 0.09
0.11 0.09 0.09
0.11 0.09 0.06
0.12 0.1 0.1
0.11 0.08 0.09
0.13 0.1 0.09
0.13 0.09 0.09
0.11 0.08 0.07
0.13 0.1 0.1
0.12 0.09 0.09
0.12 0.09 0.09
0.15 0.11 0.12
0.119 0.091666 0.090333
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ler
0.46 0.54 0.57 0.57 0.55 0.50 0.46 0.42 0.36 0.34 0.33 0.31 0.31 0.29
0.55 0.59 0.40 0.59 0.57 0.55 0.55 0.53 0.50 0.44 0.42 0.41 0.39 0.36
0.54 0.54 0.62 0.62 0.56 0.55 .0.53 0.52 0.49 0.45 0.37 0.39 0.40 0.37
0.55 0.55 0.64 0.66 0.58 0.56 0.52 0.47 0.42 0.40 0.43 0.38 0.37 0.37
0.53 0.53 0.61 0.62 0.63 0.57 0.54 0.51 0.46 0.41 0.36 0.35 0.35 0.35
0.50 0.50 0.58 0.40 0.57 0.57 0.55 0.51 0.46 0.44 0.43 0.43 0.38 0.36
0.52 0.52 0.65 0.66 0.62 0.57 0.54 0.51 0.47 0.44 0.41 0.42 0.41 0.39
0.54 0.54 0.61 0.61 0.56 0.56 0.54 0.46 0.44 0.41 0.39 0.39 0.39 0.42
0.4" 0.56 0.62 0.64 0.63 0.57 0.55 0.50 0.46 0.43 0.42 0.39 0.39 0.37
0.49 0.60 0.63 0.67 0.59 0.60 0.57 0.53 0.46 0.43 0.41 0.37 0.35 0.34
0.54 0.62 0.64 0.59 0.57 0.54 0.51 0.49 0.48 0.44 0.39 0.36 0.37 0.36
0.47 0.54 0.55 0.60 0.58 0.53 0.49 0.47 0.42 0.37 0.35 0.34 0.35 0.3!
0.49 0.56 0.40 0.60 0.57 0.53 0.49 0.46 0.41 0.36 0.34 0.35 0.34 0.33
o.4e 0.54 0.56 0.59 0.56 0.53 0.50 0.49 0.45 0.42 0.39 0.37 0.J6 0.37
0.50 0.56 0.61 0.40 0.57 0.56 0.52 0.51 0.48 0.43 0.38 0.35 0.35 0.34
0.53 0.60 0.61 0.56 0.52 0.47 0.46 0.43 0.39 0.39 0.37 0.37 0.35 0.35
0.50 0.56 0.57 0.59 0.55 0.54 0.50 0.48 0.43 0.42 0.41 0.39 0.38 0.38
0.51 0.55 0.58 0.62 0.57 0.55 0.51 0.49 0.46 0.43 0.41 0.39 0.40 0.36
0.49 0.57 0.60 0.63 0.55 0.51 0.51 0.47 0.44 0.41 0.41 0.39 0.39 0.37
0.53 0.59 0.59 0.5B 0.55 0.54 0.53 0.49 0.44 0.43 0.41 0.41 0.38 0.39
0.52 0.59 0.40 0.63 ,0.600.5B 0.54 0.53 0.47 0.54 0.42 0.37 0.38 0.36
0.54 0.62 0.44 0.65 0.59 0.56 0.53 0.51 0.45 0.40 0.39 0.38 0.39 0.38
0.52 0.59 0.59 0.60 0.57 0.53 0.51 0.50 0.46 0.43 0.41 0.38 0.39 0.39
0.51 0.56 0.58 0.60 0.57 0.54 0.5! 0.51 0.49 0.43 0.42 0.40 0.40 0.40
0.53 0.60 0.42 0.45 0.56 0.53 0.50 0.48 0.46 0.37 0.38 0.39 0.39 0.39
0.50 0.56 0.59 0.59 0.54 0.51 0.47 0.42 0.40 0.41 0.40 0.39 0.38 0.38
0.49 0.56 0.56 0.40 0.54 0.54 0.53 0.53 0.49 0.44 0.41 0.38 0.36 0.34
0.54 O.60 0.42 0.64 0.57 0.55 0.53 0.46 0.43 0.41 0.37 0.37 0.37 0.35
0.55 0.42 0.6! 0.58 0.54 0.52 0.49 0.40 0.40 0.37 0.35 0.34 0.34 0.34
0.48 0.56 0.57 0.59 0.S4 0.54 0.49 0.43 0.43 0.39 0.37 0.35 0.32 0.34
0.51 0.57 0.40 0.61 0.57 0.54 0.52 0.49 0.45 0.42 0.39 0.38 0.37 0.36
125
0.29 0.28 0.26 0.27 0.27 0.28 0.25 0.24 0.25 0.22 0.19 0.20 0.15 0.16
0.34 0.32 0.30 0.30 0.28 0.26 0.24 0.25 0.24 0.22 0.20 0.19 0.16 0.16
0.35 0.34 0.30 0.29 0.28 0.26 0.25 0.26 0.26 0.22 0.15 0.15 0.14 0.15
0.35 0.32 0.32 0.32 0.28 0.31 0.27 0.25 0.25 0.23 0.22 0.22 0.15 O.lt
0.37 0.36 0.35 0.32 0.31 0.29 0.30 0.27 0.26 0.24 0.19 0.21 0.16 0.15
0.36 0.33 0.33 0.32 0.33 0.28 0.27 0.28 0.26 0.23 0.18 0.18 0.16 0.15
0.37 0.38 0.34 0.31 0.32 0.33 0.30 0.28 0.28 0.26 0.22 0.21 0.17 0.17
0.40 0.37 0.36 0.32 0.31 0.30 0.27 0.25 0.23 0.24 0.23 0.20 0.18 0.15
0.36 0.36 0.32 0.31 0.31 0.27 0.28 0.27 0.25 0.24 0.24 0.20 0.20 O.lt
0.32 0.32 0.30 0.30 0.30 0.30 0.28 0.26 0.24 0.22 0.20 0.20 0.16 0.14
0.37 0.34 0.31 0.30 0.29 0.25 0.25 0.25 0.25 0.23 0.21 0.20 0.16 0.16
0.31 0.31 0.29 0.30 0.29 0.29 0.25 0.25 0.25 0.22 0.20 0.18 0.14 0.14
0.33 0.34 0.32 0.30 0.29 0.27 0.25 0.23 0.23 0.20 0.19 0.15 0.15 0.14
0.33 0.34 0.31 0.30 0.28 0.27 0.26 0.25 0.23 0.23 0.20 0.19 0.15 0.15
0.34 0.32 0.29 0.29 0.27 0.27 0.25 0.24 0.20 0.19 0.18 0.14 0.14 0.14
0.33 0.30 0.27 0.27 0.26 0.25 0.24 0.21 0.20 0.16 0.15 0.15 0.14 0.13
0.34 0.32 0.31 0.29 0.28 0.27
'
0.26 0.26 0.26 0.22 0.20 0.19 0.17 0.15
0.35 0.35 0.33 0.32 0.31 0.30 0.28 0.27 0.25 0.24 0.20 0.20 0.16 0.16
0.36 0.36 0.32 0.32 0.30 0.29 0.26 0.25 0.26 0.24 0.21 0.20 0.15 0.15
0.36 0.35 0.31 0.28 0.29 0.28 0.27 0.26 0.25 0.25 0.21 0.21 0.18 0.16
0.35 0.35 0.3! 0.30 0.27 0.25 0.26 0.25 0.21 0.20 0.15 0.15 0.15 0.14
0.37 0.34 0.35 0.33 0.30 0.31 0.28 0.27 0.26 0.24 0.20 0.21 0.16 0.16
0.39 0.36 0.34 0.33 0.30 0.31 0.26 0.27 0.27 0.25 0.21 0.21 0.16 0.16
0.36 0.35 0.33 0.33 0.30 0.30 0.26 0.26 0.27 0.24 0.21 0.20 0.16 0.16
0.39 0.37 0.34 0.32 0.30 0.30 0.26 0.25 0.26 0.22 0.21 0.20 0.16 0.15
0.37 0.37 0.34 0.32 0.30 0.26 0.25 0.26 0.25 0.25 0.21 0.21 0.16 0.16
0.30 0.27 0.26 0.27 0.25 0.25 0.24 0.23 0.20 0.20 0.20 0.20 0.15 0.14
0.31 0.32 0.29 0.27 0.25 0.27 0.24 0.25 0.25 0.23 0.21 0.20 0.15 0.15
0.34 0.34 0.31 O.30 0.26 0.26 0.25 0.23 0.23 0.22 0.20 0.20 0.16 0.15
0.34 0.31 0.30 0.29 0.27 0.28 0.26 0.25 0.25 0.24 0.20 0.20 0.15 0.15
0.35 0.34 0.31 0.30 0.29 0.28 0.24 0.25 0.25 0.23 0.20 0.19 0.16 0.15
126
0.15 0.13 0.11 0.11
0.14 0.13 0.11 0.11
0.12 0.10 0.09 0.09
0.14 0.13 0.11 0.11
0.13 0.10 0.10 0.10
0.12 0.12 0.13 0.12
0.16 0.15 0.12 0.11
0.15 0.14 0.11 0.09
0.15 0.12 0.14 0.11
0.13 0.10 0.09 0.10
0.13 0.13 0.10 0.10
0.13 0.12 0.09 0.09
0.12 0.10 0.09 0.09
0.14 0.12 0.09 0.09
0.12 0.09 0.09 0.09
0.10 0.10 0.10 0.10
0.14 0.13 0.11 0.11
0.16 0.13 0.11 0.11
0.14 0.13 0.09 0.10
0.14 0.14 0.11 0.09
0.13 0.11 0.10 0.10
0.16 0.11 0.11 0.10
0.15 0.14 0.13 0.09
0.15 0.14 0.11 0.11
0.15 0.11 0.11 0.11
0.15 0.11 0.11 0.10
0.13 0.10 0.10 0.10
0.15 0.13 0.11 0.10
0.13 0.12 0.10 0.09
0.14 0.13 0.11 0.11
0.14 0.12 0.11 0.10
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Otljul
o.s: 0.57 0.62 0.64 0.57 0.54 0.53 0.53 0.31 0.46 0.43 0.41 0.41 C.390,46 0.5 0.54 0.59 0.55 0.57 0.53 0.5 0.46 0.4! 0.39 0.34 0.35 o.::o.s: 0.56 0.54 0.55 0.49 0.5 0.48 0.44 0.41 0.41 0.39 0.36 0.3E c.:c
0.41 0.55 0.57 0.6 0.56 0.52 0.49 0.44 0.43 0.41 0.42 0.4! C.4: 0.4!0.5 0.56 0.59 0.63 0.42 0.58 0.55 0.5! 0.47 0.41 0.38 0.37 0.37 0.3i0.51 0.57 0.6 0.6 0.59 0.55 0.5 0.47 0.44 0.41 0.38 0.37 0.34 o.::0.5! 0.55 0.53 0.52 0.5 0.47 0.44 0.43 0.42 0.36 0.37 0.37 0.37 t.Zi0.4E 0.53 0.56 0.54 0.5 0.49 0.46 0.47 0.43 0.39 0.38 0.37 0.35 0.33
0.4E 0.51 0.57 0.57 0.56 0.52 0.48 0.43 0.41 0.37 0.35 0.34 0.34 0.34
0.4S 0.52 0.54 0.55 0.53 0.51 0.49 0.46 0.48 0.39 0.39 0.38 0.38 O.IE
0.56 0.54 0.55 0.58 0.53 0.54 0.54 0.51 0.46 0.43 0.4 0.37 C.3i 0.33
0.5! 0.56 0.5C 0.6! 0.57 0.55 0.53 0.44 0.43 0.39 0.36 0.34 0.34 0.34
0.5 0.55 0.54 0.57 0.54 0.48 0.46 0.43 0.42 0.37 0.34 0.35 0.36 0.33
t.V 0.54 0.57 0.57 0.51 0.49 0.5 0.46 0.42 0.37 0.36 0.37 0.37 0.35
C.44 0.54 0.57 0.62 0.57 0.53 0.48 0.44 0.41 0.38 0.34 0.32 0.33 0.33
0.49 0.54 0.53 0.56 0.51 0.49 0..49 0.46 0.42 0.39 0.38 0.38 0.38 0.37
0.43 0.5 0.32 0.51 0.5 0.46 0.47 0.44 0.45 0.42 0.41 0.36 0.34 0.35
0.45 0.51 0.5! 0.51 0.48 0.5 0.46 0.46 0.45 0.4 0.39 0.35 0.34 0.31
0.51 0.57 0.57 0.57 0.52 0.48 0.44 0.4 0.38 0.36 0.35 0.35 0.39 0.37
0.44 0.5 0.55 0.56 0.53 0.49 0.48 0.45 0.41 0.35 0.35 0.35 0.37 0.36
0.47 0.55 0.56 0.59 0.6 0.58 0.56 0.53 0.46 0.44 0.42 0.37 0.36 0.35
0.53 0.57 0.57 0.53 0.53 0.53 0.48 0.46 0.45 0.4 0.38 0.36 0.36 0.33
0.53 0.54 0.57 0.56 0.5 0.46 0.44 0.41 0.38 0.37 0.37 0.36 0.37 0.37
0.46 0.52 0.53 0.5 0.49 0.51 0.48 0.44 0.39 0.36 0.35 0.35 0.34 0.36
0.44 0.51 0.55 0.57 0.55 0.5 0.48 0.47 0.4 0.35 0.34 0.32 0.32 0.32
0.47 0.52 0.51 0.51 0.46 0.49 0.45 0.44 0.41 0.36 0.39 0.36 0.37 0.34
0.47 0.51 0.55 0.55 0.52 0.5 0.47 0.46 0.46 0.44 0.41 0.4 0.39 0.37
0.53 0.6 0.6 0.63 0.6 0.57 0.52 0.49 0.45 0.37 0.37 0.35 0.36 0.38
0.54 0.59 0.61 0.59 0.55 0.52 0.5 0.48 0.43 0.39 0.37 0.37 0.35 0.35
0.46 0.54 0.54 0.54 0.52 0.52 (.44 0.46 0.45 0.42 0.4 0.38 0.36 0.35
0.486333 0.544 0.556333 0.567333 0.535666 0.515333 0.486666 0.461646 0.433446 0.K4 0.379333 0.344466 0.342333 0.352333
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0.37 0.35 0.35 0.32 0.3 0.3 0.26 0.27 0.26 0.25 0.22 0.21 0.16 0.16
0.33 0.32 0.31 0.3 0.29 0.3 0.27 0.26 0.25 0.23 0.2 0.2 0.15 0.150.31 0.35 0.33 0.32 0.3 0.3 0.27 0.26 0.25 0.24 0.21 0.2 0.16 0.16
0.39 0.37 0.33 0.31 0.27 0.27 0.25 0.25 0.25 0.23 0.2 0.2 0.15 0.15
0.35 0.34 0.32 0.3 0.29 0.29 0.26 0.23 0.23 0.22 0.2 0.2 0.15 0.15
0.32 0.31 0.29 0.3 0.29 0.29 0.26 0.26 0.23 0.2 0.19 0.14 0.15 0.14
0.33 0.3 0.28 0.27 0.25 0.25 0.24 0.23 0.23 0.21 0.19 0.!9 0.13 0.13
0.34 0.53 0.31 0.28 0.27 0.26 0.25 0.23 0.22 0.2 0.13 0.2 0.15 0.15
0.34 0.34 0.32 0.32 0.29 0.29 0.25 0.24 0.23 0.2 0.16 0.13 0.13 0.11
0.37 0.36 0.32 0.3 0.27 0.27 0.25 0.23 0.22 0.2 0.19 0.17 0.14 0.14
0.34 0.32 0.3 0.28 0.27 0.27 0.24 0.23 0.23 0.23 0.2 0.18 0.14 0.14
0.34 0.3 0.28 0.28 0.27 0.27 0.24 0.23 0.23 0.24 0.23 0.19 0.18 0.14
0.35 0.33 0.31 0.26 0.26 0.25 0.24 0.23 0.23 0.21 0.18 0.16 0.13 0.14
0.34 0.31 0.29 0.27 0.27 0.28 0.25 0.23 0.24 0.2! 0.16 0.18 0.15 0.15
0.32 0.31 0.3 0.28 0.27 0.28 0.25 0.23 0.23 0.21 0.18 0.17 0.14 0.12
0.35 0.35 0.33 0.32 0.29 0.28 0.26 0.24 0.23 0.21 0.19 0.18 0.14 0.13
0.35 0.3) 0.28 0.26 0.25 0.25 0.23 0.23 0.23 0.18 0.18 0.17 0.14 0.12
0.3 0.3 0.27 0.25 0.27 0.2B 0.25 0.24 0.25 0.16 0.19 0.15 0.14 0.13
0.36 0.34 0.32 0.3! 0.28 0.28 0.26 0.23 0.23 0.2 0.19 0.15 0.13 0.13
0.36 0.35 0.33 0.32 0.29 0.27 0.25 0.21 0.22 0.2 0.19 0.18 0.14 0.14
0.34 0.33 0.31 0.3 0.29 0.27 0.26 0.24 0.24 0.23 0.2 0.19 0.15 0.14
0.31 0.28 0.26 0.27 0.27 0.27 0.26 0.25 0.25 0.24 0.2 0.2 0.15 0.14
0.37 0.34 0.32 0.28 0.26 0.25 0.24 0.21 0.23 0.23 0.19 0.18 0.15 0.14
0.36 0.34 0.3 0.3 0.28 0.28 0.24 0.23 0.23 0.23 0.2 0.2 0.14 0.14
0.32 0.32 0.31 0.3 0.29 0.29 0.25 0.23 0.23 0.21 0.19 0.19 0.15 0.14
0.34 0.34 0.32 0.29 0.27 0.27 0.24 0.23 0.23 0.2 0.19 0.18 0.14 0.14
0.34 0.33 0.29 0.26 0.25 0.25 0.23 0.23 0.24 0.22 0.2 0.2 0.16 0.15
U.37 0.35 0.32 0.31 0.3 0.27 0.28 0.26 0.25 0.25 0.24 0.21 0.21 0.16
0.37 0.35 0.33 0.31 0.26 0.28 0.25 0.24 0.24 0.22 0.2 0.18 0.14 0.14
0.35 0.33 0.33 0.31 0.3 0.29 0.27 0.27 0.26 0.23 0.2 0.21 0.16 0.15
0.346333 0.33 0.3OB666 0.293333 0.277644 0.275 0.252333 0.238333 0.234333 0.217 0.195 0.183666 0.149 0.140666
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0.15 0.13 0.1 0.1
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0.51 0.55 0.6 0.55 0.52 0.5 0.49 0.47 0.45 0.39 0.38 0.36 0.38 0.37
0.47 0.55 0.55 0.59 0.55 0.54 0.51 0.48 0.46 0.42 0.4 0.39 0.39 0.36
0.48 0.54 0.56 0.6 0.57 0.54 0.51 0.48 0.4 0.41 0.37 0.35 0.35 0.34
0.5 0.56 0.35 0.54 0.51 0.5 0.47 0.45 0.38 0.37 0.35 0.36 0.35 0.31
0.44 0.53 0.S4 0.54 0.5 0.5 0.45 0.39 0.43 0.37 0.36 0.35 0.37 0.34
0.487646 0.546333 0.549333 0.544333 0.537333 0.518446 0.492 0.466 0.427333 0.394444 0.378466 0.364333 0.344466 0.355333
137
0.33 0.32
0.33
0.3 0.3 0.3 0.28 0.29 0.26 0.27 0.25 0.23 0.2 0.2 0.17
0.33 0.32 0.34 0.29 0.28 0.2B 0.25 0.25 0.23 0.22 0.19 0.19 0.16 0.15
0.37 0.35 0.32 0.32 0.3 0.28 0.28 0.25 0.24 0.25 0.23 0.2 0.19 0.14
0.37 0.35 0.32 0.31 0.28 0.28 0.26 0.23 0.24 0.22 0.2 0.19 0.14 0.14
0.34 0.33 0.32 0.3 0.29 0.26 0.26 0.24 0.23 0.23 0.2 0.19 0.14 0.14
0.33 0.33 0.27 0.3 0.29 0.28 0.26 0.24 0.23 0.22 0.19 0.16 0.14 0.14
0.31 0.26 0.31 0.25 0.25 0.25 0.23 0.23 0.23 0.23 0.19 0.16 0.14 0.14
0.34 0.32 0.33 0.28 0.27 0.27 0.26 0.24 0.24 0.23 0.2 0.2 0.15 0.14
0.36 0.36 0.32 0.3 0.29 0.26 0.25 0.23 0.23 0.2 0.2 0.16 0.14 0.14
0.37 0.35 0.31 0.3 0.3 0.26 0.25 0.25 0.25 0.23 0.2 0.19 0.14 0.14
0.34 0.32 0.3 0.3 0.29 0.27 0.26 0.25 0.26 0.23 0.2 0.2 0.15 0.15
0.34 0.34 0.31 0.29 0.28 0.26 0.26 0.25 0.24 0.24 0.2 0.2 0.15 0.14
0.37 0.36 0.32 0.29 0.27 0.27 0.25 0.25 0.25 0.22 0.19 0.15 0.14 0.14
0.35 0.34 0.3 0.31 0.29 0.3 0.27 0.25 0.24 0.23 0.19 0.19 0.14 0.14
0.34 0.32 0.29 0.3 0.27 0.27 0.25 0.25 0.23 0.22 0.19 0.18 0.16 0.14
0.34 0.31 0.32 0.26 0.27 0.27 0.25 0.24 0.24 0.22 0.16 0.19 0.16 0.13
0.35 0.34 0.33 0.3 0.28 0.27 0.25 0.25 0.25 0.23 0.2 0.2 0.14 0.14
0.34 0.34 0.3 0.31 0.3 0.29 0.26 0.25 0.24 0.22 0.2 0.19 0.15 0.15
0.37 0.35 0.31 0.3 0.29 0.29 0.27 0.27 0.26 0.22 0.2 0.2 0.16 0.15
0.33 0.34 0.31 0.3 0.29 0.27 0.25 0.25 0.26 0.23 0.2 0.19 0.16 0.15
0.35 0.34 0.32 0.29 0.25 0.27 0.26 0.25 0.24 0.23 0.2 0.2 0.16 0.15
0.35 0.34 0.32 0.32 0.3 0.29 0.26 0.25 0.24 0.23 0.2 0.15 0.16 0.14
0.36 0.36 0.32 0.3 0.3 0.27 0.26 0.25 0.25 0.23 0.2 0.2 0.16 0.15
0.33 0.33 0.3 0.31 0.3 0.3 0.26 0.25 0.24 0.22 0.2 0.2 0.16 0.15
0.34 0.32 0.31 0.3 0.28 0.26 0.26 0.24 0.25 0.23 0.2 0.19 0.16 0.15
0.35 0.34 0.34 0.31 0.26 0.29 0.26 0.25 0.24 0.23 0.2 0.2 0.16 0.16
0.39 0.37 0.31 0.31 0.28 0.28 0.25 0.25 0.25 0.24 0.24 0.2 0.16 0.15
0.33 0.32 0.29 0.3 0.3 0.28 0.27 0.26 0.25 0.24 0.2 0.21 0.17 0.16
0.31 "0.32 0.28 0.28 0.28 0.28 0.27 0.25 0.25 0.23 0.2 0.2 0.16 0.15
0.34 0.32 0.26 0.25 0.25 0.24 0.24 0.23 0.22 0.2 0.2 0.16
0.14
0.346333 0.334333 0.311034 0.297 0.283333 0.277444 0.25B333 0.247333 0.243333 0.228 0.200666 0.190666
0.156 0.145666
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0.14 0.14 0.11 0.1
0.13 0.12 0.1 0.09
0.14 0.12 0.1 0.1
0.14 0.12 0.1 0.1
0.13 0.12 0.09 0.09
0.12 0.09 0.09 0.09
0.13 0.12 0.09 0.09
0.14 0.13 0.09 0.09
0.13 0.11 0.09 0.09
0.13 0.13 0.1 0.1
0.14 0.13 0.09 0.1
0.14 0.12 0.1 0.09
0.13 0.12 0.09 0.09
0.13 0.12 0.1 0.09
0.13 0.12 0.1 0.09
0.12 0.11 0.09 0.09
0.14 0.12 0.11 0.09
0.14 0.13 0.1 0.11
0.14 0.14 0.11 0.1
0.14 0.13 0.11 0.1
0.13 0.12 0.1 0.09
0.13 0.1 0.1 0.1
0.14 0.13 0.1 0.1
0.14 0.13 0.1 0.1
0.14 0.13 0.1 0.1
0.14 0.13 0.11 0.11
0.15 0.12 0.1! 0.11
0.15 0.13 0.1 0.1
0.14 0.13 0.11 0.11
0.14 0.13 O.lt 0.1
0.134 0.123 0.1 0.097
139
L 'mm
Fond
1..U. A L/an h L.th B L/i
4
3.6
3. 1
12b
ir?9
125
135
125
0.125
o.)25
0.135
.139
0.125
0.125.
135
) 39
135
125
125
lit.
125
3.92
0.125
0.135
0.125.
0.139
0.125
0.125
0.125
0.125
0.125
0.156
0.12b
0.125
0.1279
3.6
3.2
3.6
3.6
3.6
3.6
3.6
3.6
3.2
3.6
3.6
3.6
3.6
0.139 3.C-.
0.156 3.6
0.1 '..6 3.2
0.139 3.6
0.139 3.6
0.139 3.2
0.139 3.6
0.1 39 3.6
0.139 3.6
0.156 3.6
0.139 3.2
0.139 3.6
0.156 3.2
0.139 3.6
0.139 3.6
0.139 3.6
0.139 3.6
0.139 3.6
0.139 3.6
0.139 3.6
0.139 3.6
0.139 3.6
0.156 3.6
0.139 3.6
0.156 3.6
0.139 3.6
0.139 3.6
0.139 3.6
0.139 3.6
0.139 3.6
0.1424 3.54667
140
L.th C L/aa D L.th D
0. 139 3. 2 0.156
0.139 3.2 0.156
0. 3 56 3 . :- 0.156
0.139
<J 4* 0.156
0.139 3.2 0.156
0.156 3.6 0.139
0.139 3.6 0.139
0.139 3.6 0.139
0.139 3.2 0.156
0.139 3.2 0.156
0.156 3.6 0.139
0.139 3.6 0.139
0.156 3.2 0.156
0.139 3.2 0.156
0.139 3.6 0.139
0.139 3.6 0.139
0.139 3.6 0.139
0.139 3.6 0.139
0.139 3.6 0.139
0.139 3.2 0.156
0.139 3.6 0.139
0.139 3.3 0.156
0.139 3.6 0.139
0.139 3.6 0.139
0.139 3.6 0.139
0.139 3.6 0.139
0.139 3.6 0.139
0.139 3.2 0.156
0.139 3.2 0.156
0.139 3.6 0.139
0.14127 3.42667 0.14637
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L / m m A
laser
4
4
4
4
4
4
4
4
4
3.6
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
3.98667
th A L/mm h L.th B L/mm C
0.125 3.6 0.139 3.6
0.125 3.6 0. 139 3.6
0.125 3.6 0.139 3.6
0.125 3.6 0. 139 3.6
0.125 3.2 0.156 J o
0.125 3.6 0.139 3.6
0.125 3.6 0.139 3.6
0.125 3.6 0.139 3.6
0.125 3 . 2 0.156 3.6
0.139 3.6 0.139 3.6
0.125 3.6 0.139 3.6
0.125 3.6 0.139 3.6
0.125 3.6 0.139 3.6
0.125 3.6 0.139 3.6
0.125 3.6 0.139 3.6
0.125 3.6 0.139 3.6
0.125 3.6 0.139 3.6
0.125 3.6 0.139 3.6
0.125 3.6 0.139 3.6
0.125 3.2 0.156 3.6
0.125 3.6 0.139 3.6
0.125 3.6 0.139 3.6
0.125 3.6 0.139 3.6
0.125 3.6 0.139 3.6
0.125 3.6 0.139 3.6
0.125 3.6 0.139 3.6
0.125 3.6 0.139 3.6
0.135 3.6 0.139 3.6
0.125 3.6 0.139 3.6
0.125 3.6 0.139 3.6
0.1258 3.56 0.1407 3.57333
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L.th C
0,.139
0 . 139
0,.139
0 .139
0..179
0 .139
0..139
0 .139
0..139
0,.139
0.,139
0,.139
0.,139
0,.139
0.,139
0..139
0.,139
0.,139
0. 139
0.,139
0. 139
0.,139
0. 139
0.,139
0. 139
0.,139
0. 139
0. 139
0. 139
0. 139
0.14033
L/aa D
3.
3.
3.
3.
3.
3.
3.
6
6
2
6
2
6
6
3.6
3.6
3.2
3.6
3.2
3.2
3.6
3.6
3.2
3.6
3.6
3.6
3.6
3.6
3.2
3.6
3.6
3.2
3.6
3.6
3.6
3.6
3.6
3.49333
L.th D
0,.139
0 .139
0..156
0 .139
0..156
0 .139
0..139
0 .139
0.,139
0 .156
0.,139
0,.156
0.,156
0,.139
0.,139
0,.156
0. 139
0.,139
0. 139
0.,139
0. 139
0.,139
0. 139
0.,139
0. 156
0.,139
0. 139
0. 139
0. 139
0. 139
0.14297
143
L/mm
mo h
L.th A
4
4
4
4
3.2
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
3.6
4
4
3.96
0..125
0,.125
0., 1 25
0..125
0. 156
0..125
0.,125
0..125
0.,125
0..125
0. 125
0.,125
0. 125
0.,125
0. 125
0. 125
0. 125
0. 125
0. 125
0. 125
0. 125
0. 125
0. 125
0. 125
0. 125
0. 125
0. 125
0. 139
0. 125
0. 125
0.1265
L/nm
3.
3.
3.
3.
3.
3.
3.
3.
3.
3.
3.
3.
L.th B L/am C
6
6
6
6
6
6
6
3.6
3.6
3.6
3.6
3.6
3.6
3.6
3.6
3.6
3.2
3.6
3.6
3.6
3.6
3.6
3.6
3.6
3.6
3.54667
0.
0,
0.
0.
0.
0.
0.
0.
0.
0.
,139.
139
156
,156
156
,139
,139
,139
,139
,139
0.139
0.139
0.139
0.139
0.139
0.139
0.139
0.139
0.139
0.139
0.139
0.156
0.139
0.139
0.139
0.139
0.139
0.139
0.139
0.139
0.14127
3
3,
3
3,
3
3.
3
3.
3,
3.
3,
3.
3,
3.
3.
.6
.6
,6
n
.6
.6
.6
,6
.6
6
.6
^
.6
6
,6
6
,6
3.6
3.6
3.6
3.6
3.6
3.6
3.6
144
J-.th C L/a P L.th V
0.139 3.6 0.139
0 . 139 3.6 0.139
0.139 3.2 0. 156
0. 156
0.139
3.2
3.2
0.156
0. 156
0.139 3.2 0.156
0.156 3.2 0.156
0.139 3.6 0.139
0. 139 3.6 0.139
0.139
0.139
3.6
3.6
0.139
0.139
0.139 3.6 0.139
0.156 3.2 0.156
0.139 3.6 0.139
0.139 3.6 0.139
0. 139 3.2 0.156
0. 139 3.6 0.139
0.139 3.6 0.139
0.139 3.2 0.156
0.139 3.6 0.139
0.139 3.6 0.139
0.139 3.2 0.156
0.139 3.6 0.139
0.139 3.2 0.156
0.139 3.6 0.139
0.139 3.6 0.139
0.139 3.6 0.139
0.139 3.6 0.139
0.139 3.6 0.139
0.139 3.6 0.139
.1407 3.46667 0.14467
145
1. /MB A
white
l.th A l./in B l.th h 1 /mm C
4 0. 125 3.6 0.139 3.64 0.125 3 . 2 0.156 3.64 0.);!5 3.;; 0.156 3.63.6 0. U9 3.6 0.139 3 . 63.6 0.139 3.6 0.139 3.23.6 0.139 3.6 0.139 3.6
0 . 1 25 2.8 0.179 3.63 .6 0.139 3.6 0.139 3.6
0.125 3.2 0.156 3.6
3.2 0.156 3.6 0.139 3.6
0 . 1 25 3.6 0.139 3.6
0.125 3.2 0.156 3.6
3.6 0.139 3.2 0.156 3.6
0.125 3.6 0.139 3.6
0.125 3.6 0.139 3.6
0.125 3.6 0.139 3.6
0.125 3.6 0.139 3.6
0.125 3.2 0.156 3.6
0.125 3.2 0.156 3.6
0.125 3.6 0.139 3.6
0.125 3.6 0.139 3.6
0.125 3.6 0.139 3.6
O.J 25 3.6 0.139 3.6
0.125 3.2 0.156 3.6
3.6 0 . 1 39 3.6 0.139 3.2
0.125 3.6 0.1 19 3.6
0.125 3.6 0.139 3.6
0.125 3.6 0.1 J9 3.6
0.125 3.6 0.139 3.6
0.125 3.6 0.139 3.6
3.89333 0.12883 3.46667 0.14487 3.57333
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,th C
0 . 1 'J 9
0.139
0 . 1 3 9
0.139
0.156
0.139
0.139
0 . 1 39
0.139
0.139
0.139
0.139
139
,139
1 39
139
139
,139
,3 39
,139
,139
,139
0.139
0.139
0.139
0.156
0.139
0.139
0.139
0.139
0.14013
L/aa P
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
p L^th P
3.6 0.139
3.2 0.156
3.2 0.156
3.2 0.156
0.156
3.6 0.139
3.2 0.156
3.2 0.156
3.2 0.156
3.6 0.139
3.6 0.139
3.2 0.156
3.1: 0.156
3.6 0.139
3.6 0.139
3.6 0.139
3.6 0.139
3.6 0.139
3.6 0.139
3.6 0.139
3.6 0.139
3.6 0.139
3.6 0.139
3.6 0.139
3.6 0.139
3.6 0.139
3.6 0.139
3.6 0.139
3.6 0.139
3.6 0.139
.48 0.1441
147
L / m m A
c er.t
4
4
4
4
4
4
4
3.6
4
4
4
4
4
4
4
4
4
4
3.6
4
3.6
4
4
4
4
4
4
4
3.93333
L.th A L/am B
0.125 3.6
0.156 3.2
0.125 3.6
0.125 3.2
0.125 3.2
0.125 3.6
0.125 3.6
0.125 3.6
0.125 3.6
0.139 3.2
0.125 3.6
0.125 3.2
0.125 3.2
0.125 3.2
0.125 3.6
0.125 3.6
0.125 3.6
0.125 3.6
0.125 3.6
0.125 3.6
0.125 3.6
0.125 3.6
0.125 3.2
0.125 3.6
0.125 3.2
0.125 3.6
0.125 3.6
0.125 3.6
0.125 3.6
0.125 3.6
0.1265 3.48
th B L/am C
0.139 3.6
0.156 3.6
0.139 3.6
0.156 3.(.
0.156 3.6
0.139 3.6
0.139 3.2
0.139 3.6
0.139 3.6
0.156 3.6
0.139 3.6
0.156 3.6
0.156 3.6
0.156 3.6
0.139 3.6
0.139 3.6
0.139 3.6
0.139 3.2
0.139 3.6
0.139 3.6
0.139 3.6
0.139 3.6
0.156 3.6
0.139 3.6
0.156 3.6
0.139 3.6
0.139 3.6
0.139 3.6
0.139 3.6
0.139 3.2
0.1441 3.56
148
In C
0 .129
0 .139
0 . 1 39
0 .139
0 .139
0 .139
0 .156
0 .139
0 .139
0 .139
0,.139
0 .139
0,.139
0,.139
0.,139
0,.139
0. 139
0.,156
0. 139
0.,139
0. 139
0. 139
0. 139
0. 139
0. 139
0. 139
0. 139
0. 139
0. 139
0. 156
0.1407
L / a m Ii
3 .6
3 n
3 .6
3 .6
3 m n
3 .6
3 .6
3 .6
3 .6
3 .6
3,.6
3 2
3,.2
3,.2
3., 2
3..6
3. 6
2..8
3. 6
3.,6
3. 6
3. 6
3. 6
3. 2
3. 6
3. 6
3. 6
3. 6
3. 6
3. 2
3.46667
L.th II
0 .139
0 .156
0 .139
0 .139
0 .156
0 .139
0 .139
0 .139
0,.139
0 .139
0,.139
0 .156
0..156
0,.156
0.,156
0,.139
0. 139
0..179
0. 139
0.,139
0. 139
0. 139
0. 139
0. 156
0. 139
0. 139
0. 139
0. 139
0. 139
0. 156
0.14487
149
L/am A
lustro
L.th A
3. 1
3. 1
3.96
n n L/aa B L.th B L/bb C
o.i ;"., 3.6 0.139 3.6
0.125 3.2 0.156 3.6
0.125 3.2 0.156 3.6
0.1 25 3.6 0.139 3.6
0.125 3.6 0.139 3.6
0.125 3.2 0.156 2.6
0.125 3.6 0.139 3.6
0.125 3.2 0.156 3.6
0. 125 3.6 0.139 3.6
0.12S 3.2 0.156 3.6
0.125 3.6 0.139 3.6
0.125 3.2 0.156 3 . 2
0.139 3.6 0.139 3.6
0.125 3.6 0.139 3.2
0.125 3.6 0.139 3.6
0.125 3.6 0.139 3.6
0.139 3.6 0.139 3.6
0.125 3.6 0.139 3.6
0.125 3.6 0.139 3.6
0.125 3.6 0.139 3.6
0.12'.- 3.2 0.11,6 3.6
0.139 3.2 0.156 3.6
0.125 3.6 0.139 3.6
0.125 3.6 0.139 3.6
0.125 3.6 0.139 3.6
0.125 3.6 0.139 3.6
0.125 3.6 0.139 3.6
0.125 3.6 0.139 3.6
0.125 3.6 0.139 3.6
0.125 3.6 0.139 3.6
.1264 3.49333 0.14353 3.54667
150
L.th C L/aa p L.th Ii
0. 1 ?\>
0.139
0 . 1 3 l>
3.6
3.6
0.139
0. 139
0.139
0.139
0.179
0.139
0.139
0.139
0.139
0.139
0.156
0.3 39
3. 6
3.6
3.6
3.6
3.6
3 ?
3.1'
3.6
3.2
3.6
3.2
0.139
0.139
0.139
0.139
0.139
0.156
0.156
0.139
0.156
0.139
0.156
0.156
0.139
3.6
3. 2
0.139
0.156
0.139 3.6 0.139
0.139 3.6 0.139
0.139 3.6 0.139
0.139 3.2 0.156
0.139 3.6 0.139
0.139 3.2 0.156
0.139 3.6 0.139
0.139 3.2
. 0.156
0.139 3.6 0.139
0.139 3.6 0.139
0.139 3.6 0.139
0.139 3.2 0.139
0.139 3.2 0.156
0.139 3.2 0.156
0.139 3.6 0.139
0.1414V 3.45333 0.14467
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1 have here a set of six photographs, A, B, C. D. E. F, of the
i-age "ijke". j request th>t yQu .^ ^ ^ ^^^ ^ ^
it in order of "image quallty on the 6cale ^^ ?ut &^^
in the appropriate column.
PHOTOGRAPHS 1 2 3 4 5 6 RpnwrV ^
*
A Sunray 5 2 1
'
2 2
Centura
-
1 2 2 5 2
C Bond - 4 3 4 1
-
D
Mohawk 4 2 3 1 2
E Lustro 1 - 1 2 3 5
f
Laser Plus 1 2 2 4 3
Thank you for your time.
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APPENDIX C
MEMORIAL DRIVE, ROCHESTER, NEW YORK 14623
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